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Jucepraiiisi NpUCBSIY€Ha BUBYECHHIO BIUIMBY CIIOKMBaHHS IpenapariB Opokoui
(Brassica oleracea var. italica) Ha PO3BUTOK CHPUYMHEHUX KadeTepiiHOIO TDKEI0
MeTa0OoJMIYHUX TOPYIIEHb Ta OKCUIATUBHOIO CTpEeCy y JiabopaTopHuX muied Mus
musculus. 3aaTHICT, OpPOKOJII 4M 1i CHOJYK (30Kpema 130TiollaHaty cyiabpopadany)
yCyBaTH MOPYUIEHHSI OOMIHY PEYOBHH Ta CYIMYTHI JI0 HUX 3aXBOPIOBAHHS Y MOJEIBHHUX
OpraHi3MiB Ta MAlll€HTIB AOCHipKyBasacd W panime. [Ipore OuibmIicTh HUX poOIT HE
CTaHAapTHU30BaHI Ta yHI(IKOBaHI, 1 caMe BIUIMB IpenapariB MapoCTKiB 1 MPOPOCTKIB
OpOKOJIl Ha Macy Tija, HAKOMMYEHHSI 3aMaCHUX JIIMIIB, TIEPIIIKEMII0 Y KpOBl, 0OMIH
pPEUOBUH, OKCHIATHUBHUI CTpeC 1 3amajieHHs BUBYEHI HEIOCTaTHbO. MeTor poboTh
OyJl0 BCTAaHOBUTH BIUIMB CIIOKMBaHHSA MpernapariB Opokoji Ha OOMIH PEYOBHUH 1
AHTHOKCHUJAHTHY CUCTEMY Yy JaO0OpaTOpPHUX MHUIIEH, SIKi CTIOKUBAIH KaeTepiiHy 1Ky .

Pobora cknaganacs 3 4OTUPHOX YAaCTUH. Y TEPII YaCTHHI MU BH3HAYAIA BMICT
010JI0TIYHO AKTUBHMX MPUPOJHUX CIOJYK y mpemaparax Opokoumi. s mocmimpkeHHs
OyJi0 00paHO pOCTMHHMM Matepiall 0e3 HACIHMHU (MapOCTKH) 1 MPOPOIICHE HACIHHS
(mpopoctku) Opoxkoii copty Kamabpese. CiupToBa eKcTpakilis 3abe3nedyBayia OiibIie
BUBUIBHEHHS TOJI(EHOJBHUX CIOMYK 1 (IaBOHOIIB, MpPOTe BOAHA EKCTPAKIIiSA
3a0e3nedyBaja OUIbIy AHTHOKCUAAHTHY aKTUBHICTh TPOPOCTKIB OPOKOJII.

VY npyriii vactTuHi poOOTH MM BHU3HAYAJM BIUIMB CIIOKUBAHHS MApOCTKIB OpOKOIT
Ta KadeTepiHoil 1K Ha TapaMeTpH Tija, MOKa3HUKHU KPOBI, EYIHKH 1 KOPU TOJIOBHOTO
MO3KY JecsaTuMmicsyaux cammiB muieil minii C57BL/6J. Brpogosx 14 TmwxHIB Mumi
OyJM MOJIIeHI HAa TPYIH, SKI CHOXKHBAIM: 0a30BY 1Ky, 0a3oBy Ty 3 5% BMICTOM

NapocTKiB Opokodl, kaderepiiiHy DKy Ta kaderepiiiHy ixky 3 5% BMICTOM MapOCTKIB



opoxoni. JlomaBanHs mapocTKiB Opokoii A0 KadeTepiHOoi 1Ki HE MepemKoHKaIo
3pOCTaHHIO MAacH Tijla MHIIEH Ta HAKONUYEHHIO BiclepaibHoro xupy. Ilpore
CHOKMBaHHS KadeTepiiHOT iK1 CIPUATIO HAKOIMMYEHHIO TPUALUITIIILEPOIIIB Ta BULLIOMY
PIBHIO KapOOHIIBHUX IPyM OLIKIB Y MEYIHLI MULIEH, TO/1 K CIOKUBAaHHS KadeTepiiiHol
gy 0a30BO1 1K1 3 TAPOCTKAMHU OPOKOJI 3HHUXKYBAJIO BIAMOBIHI OKa3HUKH. Lle cBimUnTh
po BUOIPKOBHI 3aXMCHUM BIUIMB JIOJaBaHHS MApPOCTKIB OPOKOJII MPOTH HAKOMUYECHHS
JMIIB Ta OKCUAATUBHOTO cTpecy. [lpu crokuBaHHI MapoOCTKIB OPOKOJI aKTHBHICTH
rimotarion-S-tpancdepaszu Ta HAJI(P)H-xiHoHOKcuopenykra3n 1 y Kopi roJIoBHOTO
MO3KYy MuULIEil Oyjia BUILIOIO, 110 CBIAYMIIO MPO MOKPAUIEHY 3/1aTHICTh 3HEIIKOKYBaTH
KCEHOOIOTHKY Ta 1HIIII MIKiIJIUBI CTIOTYKH.

VY Tperiii yacTuHI pOOOTH MU BUBYAIM BIUIMB CHOKMBaHHS KaderepiiHol Tkl 3
PI3HUM BMICTOM MPOPOCTKIB OpOKOJI, 1100 BCTAHOBUTHU HASBHICTH 3aJE€XKHHUX BiJ 103U
edeKTiB Ha OpraHi3M BocbMHUMICSYHUX camiliB JiHii C57BL/6J. Mumi Oynu nojiieHi Ha
WIiCTh Tpyn 1 BOpoAOBK 20 THXKHIB CHOXHUBAIM: 0a30By 1Ky, KadeTepiiiHy Xy,
kadeTtepiitay ixy 3 2,5, 5 Ta 10% BmicToM mpopocTkiB Opokomi 1 6a30oBy iky 3 5%
BMICTOM MPOPOCTKIB Opokoi. KiIbKICTh CIOXKUTOT iK1 Ta PIBEHb TPUALMIITIILIEPOTIB Y
I1a3Mi KpOBlI MUIIEH 3HMXKYBAJIUCA 31 3pOCTAaHHSAM BMICTY HPOPOCTKIB OpOKOMIi Yy
kadetepiitaiil Txi. [IpoTe momaBaHHS TPOPOCTKIB OPOKOJII HE 3arnodirajgo 3pOCTaHHIO
PIBHSI TJIFOKO3M B KPOBI MPHU CHOKKUBaHHI KadeTepiiHo1 1’Ki. AKTUBHICTh MapaOKCOHA3U
OyJa HIDKUYOIO MPHU CIIOKUBAHHI KaeTepiHol 1K1, a TogaBaHHS TPOPOCTKIB OPOKOJIL 10
KadeTepiifHoi 1K1 HOpMalTi3yBaJIO 1€ MOKA3HUK, [0 TAKOX CBIAYMIIO MPO MO3UTHUBHUMN
BIUIUB CHOKUBaHHS Opoxoui. [TpopocTkn Opokosi HE BUKIMKAIM 3aJ€KHUX BiJ 03U
edeKTiB y KOpi TOJIOBHOTO MO3KY MHMIICH, MPOTE€ AKTUBHICTH TIIOTATIOHPEIYKTa3H,
rioko30-6-pocharaerinporenazu  ta HAJI(D)H-xiHoHOKCHMopenykTazu 1 Oyina
BUIIOI0 mnpu crnoxkuBaHHl 10% mnpopocTkiB Opokosi y kaderepiiinid ixi Ta 5%
MPOPOCTKIB OpOKOJIi y 0a30Biil TKi.

VY 4yeTBepTiii YacTWHI POOOTH MM BU3HAUYalW BIUIUB CHOXXKHMBaHHS KadeTepiitHOl
iK1 Ta MPOPOCTKIB OpPOKOJII HAa MapaMmeTpu TUIA, NOKAa3HUKU KPOBI, MEUYIHKH 1 KOpH
TOJIOBHOTO MO3Ky BochbMHMIicsuHuX camiliB JjiHii C57BL/6J. BrnpomoBx 16 TuxHIB
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kadeTepiiiHO DKer Ta KaderepiiiHoro ixkero 3 5% npopoctkamu Opokodl. IIpopoctku
OpOoKOJII HE MPOTHISUIA 3POCTAHHIO MAacH TiJIa Ta BICHEPAIBHOTO KUPY Y MHUIIEH, K1
cnoxkuBanu Kaderepiitny iky. IIpote cnoxxuBanHs kaderepiiiHOl 1K1 3 NPOpPOCTKaMU
OpOKOJII COPUSIIO 3HM)KEHHIO HAKOMMYEHHS TPUALIMIITIIILIEPOIIIB Ta MIIKOT€HY Y MeYlHL1
muied. Ile cBiMUNUTh Mpo 3AaTHICTH MPOPOCTKIB OPOKOJII MPOTHUIISTH HAKOIMHMYCHHIO
3allaCHUX CHOJYK Y MEdiHIll MHUIIEH BHACHIIOK CHOXKMBaHHS KaderepidHOol TKiI Ta
nopyImieHHss oOMiHy pe4doBuH. JloaBaHHS TMPOPOCTKIB OpoKoi J0 KaderepiiHol ki
yCyBajJ0 3pPOCTAaHHS AKTHUBHOCTI TJIKOJITHYHUX (EPMEHTIB, IO PO3IIISAAETHCA SK
OPOTUJIA PO3BUTKOBI OXHpiHHA. [Ipu crokMBaHHI MPOPOCTKIB OPOKOJI aKTUBHICTh
TJIFOTATIOHIIEPOKCHIA3H Ta TIIIOTATIOH-S-TpaHcdepasu Oyiia BHUINOKO y TEUiHII MUIICH,
o0 CBIIYUTHh MPO iX CHOPUSTIMBUKA BIUIMB HAa AaHTUOKCHJAAHTHUM 3aXHUCT 1
3HEIIKO/KEHHS! KCceH0O010TUKIB. Ilpu cnokuBaHH1 KaderepiiiHOi 1Ki MM BCTaHOBUJIU
BUIII PiBHI BiHOCHOI TpaHckpumiii iPHK ¢aktopiB 3ananeHHs, a nmpu CHoOXHBaHHI
IPOPOCTKIB OpOKOJl — BHUIIl PIBHI PEryjiasTOpiB OOMiIHY BYIJIEBOAIB 1 OLIKIB
3HEIIKO/DKEHHSI KCEeHOO10THKIB y meuinmi wMumed. Kaderepiiina 1kxa HETraTUBHO
BIUIMHYJIa HA (YHKUIOHYBAaHHS AHTUOKCHUJAHTHUX Ta JOMOMDKHUX (PEPMEHTIB y KOp1
TOJIOBHOTO MO3KY MHILIEN — X aKTUBHICTh OyJia HUKYOIO MOPIBHSAHO 3 TPYIOK0 0a30BO1
K1, a CIIOKUBAHHS MTPOPOCTKIB OPOKOJII pa3oM 3 KadeTepiitHO DKE0 He yCyBaso €l
npooiemMu.

SIk 3aranbHMNA MIJCYMOK, MOXKHA CKa3aTH, L0 Mpenapatd OpOKOIl 3HUKYBaIU
OKpeMl MapKepu OKCHJATUBHOTO CTpecy Ta OXHUpPIHHA Yy wMuiiei. JlogaBaHHS
npenapatiB OpOKOJIl COPUSIO MOKPAIICHHIO BUOIPKOBUX MapaMeTpiB aHTHOKCHUIAHTHOL
CUCTEMHM, MPOTH3ANAIBHUM TMpOIEecaM Ta PEeryJysiii oOMiHy PEYOBHH y MHUIIEH MpH
CIO’KMBaHH1 KadeTepiiHoi ixkI.

Kniouosi cnosa: aHTMOKCUAAHTHUI 3aXUCT, OIOJOrIYHO AaKTHUBHI MPUPOIHI
pPEYOBHHHU, BYTJEBOJW, KaderepiiiHa Dka, JIMiaM, MeTaOONIYHI TOPYIICHHS, MUIII,
MO30K, OXHUPIHHS, OKCHUJATUBHHMI CTpec, TEediHKa, MApOCTKA OpOKOIi, MPOPOCTKU

opoxodi, cyiabdpopadaH, PyHKIIOHATbHA TKa.



ABSTRACT

Ivanochko M.V. Influence of broccoli preparations on antioxidant and energetic
parameters of cafeteria diet-fed mice. — Qualification scientific work as a manuscript.

Dissertation for the degree of Doctor of Philosophy in the speciality 091 Biology
— Vasyl Stefanyk Carpathian National University, Ministry of Education and Science of
Ukraine, Ivano-Frankivsk, 2026.

This dissertation is devoted to the study of the effect of the consumption of
broccoli preparations (Brassica oleracea var. italica) on the development of cafeteria
diet-induced metabolic disorders and oxidative stress in laboratory mice, Mus musculus.
The ability of broccoli or its compounds (e.g., isothiocyanate sulforaphane) to attenuate
the metabolic disorders and related diseases in model organisms and patients has been
studied before. However, most of these studies are not standardised and unified, and the
effect of broccoli preparations (green sprouts and sprouted seeds) on body mass, lipid
accumulation, blood hyperglycaemia, metabolism, oxidative stress, and inflammation in
obesity is not well investigated. This study aimed to determine the effect of consuming
broccoli preparations on the metabolism and the antioxidant system in laboratory mice
that consumed cafeteria diet.

The study consisted of four parts. In the first part, the content of biologically
active natural compounds in broccoli preparations was determined. For the study,
seedless green sprouts and sprouted seeds of Calabrese broccoli were selected. Ethanol
extracts had greater release of polyphenolic compounds and flavonoids, but water
extraction resulted in greater antioxidant activity of broccoli sprouts.

In the second part of the study, we determined the effect of broccoli green sprouts
and cafeteria diet consumption on body, blood, liver, and cerebral cortex parameters in
ten-month-old male C57BL/6J mice. For 14 weeks, the mice were divided into groups
and fed the basal diet, the basal diet with 5% broccoli green sprouts, the cafeteria diet,
and the cafeteria diet with 5% broccoli green sprouts. The addition of broccoli green
sprouts did not prevent mice from gaining body mass and accumulating visceral adipose

tissue. However, consumption of a cafeteria diet promoted the accumulation of
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triacylglycerols and higher levels of protein carbonyl groups in the liver of mice,
whereas consumption of cafeteria or basal diet with broccoli green sprouts decreased
these parameters. This indicates the selective protective effect of broccoli sprouts
against lipid accumulation and oxidative stress. The activity of glutathione S-transferase
and NAD(P)H-quinone oxidoreductase 1 in the cerebral cortex of mice was higher in
mice fed broccoli green sprouts, indicating an improved ability to detoxify xenobiotics
and other harmful compounds.

In the third part of the experiment, we studied the effect of consumption of a
cafeteria diet with different content of broccoli sprouts to determine the presence of
dose-dependent effects on the organism of eight-month-old male C57BL/6J mice. For
20 weeks, mice were divided into six groups: basal diet, cafeteria diet, cafeteria diet
with 2.5, 5, 10% of broccoli sprouts, and basal diet with 5% of broccoli sprouts. Feed
intake and triacylglycerol level in blood plasma were decreased as the broccoli sprout
content was increased in a cafeteria diet. However, the addition of broccoli sprouts did
not prevent an increase in blood glucose level in cafeteria diet-fed groups. Paraoxonase
activity was lower in the cafeteria diet group and the addition of broccoli sprouts
normalised this parameter, indicating a positive effect of broccoli consumption.
Broccoli sprouts did not cause dose-dependent effects in the cerebral cortex of mice, but
the activity of glutathione reductase, glucose-6-phosphate dehydrogenase, and
NAD(P)H-quinone oxidoreductase 1 was higher in mice fed 10% broccoli sprouts in a
cafeteria diet and 5% broccoli sprouts in the basal diet.

In the fourth part of the experiment, we determined the effect of the consumption
of a cafeteria diet and broccoli sprouts on the body, blood, liver, and cerebral cortex
parameters of eight-month-old male C57BL/6J mice. For 16 weeks, mice were fed a
basal diet, a basal diet with 5% broccoli sprouts, a cafeteria diet, and a cafeteria diet
with 5% broccoli sprouts. Broccoli sprouts were not able to eliminate the mass gain and
adiposity development in mice fed a cafeteria diet. However, consumption of a cafeteria
diet with broccoli sprouts contributed to the lower accumulation of triacylglycerols and
glycogen in the liver of mice. This indicates the ability of broccoli sprouts to counteract

the accumulation of reserve compounds in the liver of mice due to the consumption of a
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cafeteria diet and metabolic disorders. The addition of broccoli sprouts to the cafeteria
diet eliminated the increase in glycolytic enzyme activity, which is considered to
counteract the development of obesity. In broccoli sprouts-fed groups, the activity of
glutathione peroxidase and glutathione S-transferase was higher in the liver of mice,
indicating a beneficial effect on antioxidant protection and xenobiotic detoxification.
We determined a higher level of the relative transcript of inflammatory factors in
cafeteria diet-fed groups, and broccoli sprout consumption caused the higher level of
carbohydrate metabolism regulators and xenobiotic detoxification proteins in the liver
of mice. Cafeteria diet negatively affected the functioning of antioxidant and auxiliary
enzymes in the cerebral cortex of mice, as their activity was lower compared to the
basal diet group, and the addition of broccoli sprouts did not eliminate this problem.

As a general conclusion, broccoli preparations decreased certain markers of
oxidative stress and obesity in mice. Supplementation with broccoli preparations
promoted selective parameters of the antioxidant system, anti-inflammatory processes,
and metabolic regulation in cafeteria diet-fed mice.

Key words: antioxidant defence, biologically active natural substances, brain,
broccoli microgreen, broccoli sprouts, cafeteria diet, carbohydrates, functional food,

lipids, liver, metabolic disorders, mice, obesity, oxidative stress, sulforaphane.
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