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lenpecis 5K He8ponociuHe 3AXB0PIHOGAHHA CYNPOBOONCYEMBCA VIMBOPEHHAM Memabonimis, AKi UKIUKAIOMb
moxcukayiro opeanizmy. Ceped maxux, 3HAUYWUMU, € AKMUBHI OpMU KUCHIO 30AMHI NOWKOOUmu 0yOb-aKi MOIeKyIu
opeanizmy (Barcelos et al., 2014; Anh-Dao et al., 2022). ['ono8uum opearnom 0emoKcuxayii € nevinka, aKa 8 ymosax
PO3BUMKY 3aX60PHO6AHb MA Mepanii 3a3Hae 000amK08020 HasanmaxiceHus. Mimoxonopii Ak 20106HI NOCMAYATLHUKU
enepeii, 6 yMo8ax nioSUWEHOI KOHYeHmpayii OKUCHUX NPOOYKMIE, 3A3HAIOMb 3MiH, WO NPU3800msb 00 OUCOANAHCY Y
xnimunax. Ilowyx nikapcokux 3aco0i6, AKi 00OHOYACHO 30amMHMi KOpe2ygamu NAMON02iYHi CMAHU MA GUABTAMU
2enamonpomeKmopHi ma AaHMUOKCUOAHMHI 61ACMUBOCTI € AKMYANbHUM 3A60AHHAM eKCHEPUMEHMANbHOI Ma MeOudHOT
bioximii. Mema 00CnioxNceHHs: UBHAYEHHSL CMAHY 302ANbHOI AHMUOKCUOAHMHOL CUCMEMU MIMOXOHOPIU NeYiHKU Wypie
3a YMO8 pO36UMKY Oenpecii ma Kope2y8awmsi OaHo20 NAmono2iuHo2o cmawny Kogeinom. Memoou Oocniodcenns:
eKCnepuMeHm npogoouu Ha OLIuUX cmameso 3pinux wypax ainii Wistar, skux ympumysaiu 6i0OnogioHo 00 npasui
3axucmy xpebemnux meapuH, AKi 6UKOPUCIOBYIOMbCA O eKcnepumenmanvHux yineu. Teapunu 6yau nodineHi Ha 08i
EeKCHepUMEHMANbHI 2PYRU. camyi ma CAMKU, KOJCHA 3 AKuUX Oyna nodileHa na womupu OOCHIOHI 2pynu no n’sme
meapur 8 KodxcHill. Cman aHmuoKCUOAHMHOI cucmemu 8U3Ha4anu 3a 3miHamu Konyeumpayii MJA ma mooughikosanux
oinkie, axmuenocmi COIH ma KT ma 3acanbmoi anmuokCuOaHmuoi axmueHOCmi 3a O00NOMO20H0 Memoois
Konopumempii, cnekmpomempii. Ompumani pesyromamu nioo0asaru cmamucmuyrii o0opodyi npoepamoro Excel
Microsoft 365. Pesynomamu: y meaputn 3 0enpeciero cnocmepieanu aKmusayiro OKUCHUX Npoyecis, 8 momy 4ucii i @
MIMOXOHOPIAX NEYiHKU. Y epyni meaput, AKUM Y IKOCMI IKY8AIbH020 3ac00y 6600uiu Kogein y konyenmpayii 25 me/ke
NPOMs2OM 5 MUIICHIE cnocmepieanu 3nudxicents kouyenmpayii MJ[A maiioce na 40% nopisnano 3 epynoio oenpecuguux
meapun. Becmanogneno snudicenns Konyenmpayii OkucHo-MoOU@IiKosanux OiIKie K 3a eniugy Kogeiny 6 KOHmponbuii
epyni wypie, max i 6 epyni 3 0enpecicio, AKUM 6600UIU Koghein. Busnauenns 3a2aibHoi aHmMUOKCUOAHMHOT aKMUBHOC
MIMOXOHOPIll newinKu 3a Oenpecii noKa3ano 3HUNCEHHS 808II 0aH020 napamempy i KA3V€ HA NPUSHIYEHHS 3aXUCHUX
mexanizmie. B ymosax zacmocyeanns kogeiny akmusnicmo KT ma CO/], sik 00HUX 3 KOMNOHEHMIE AHMUOKCUOAHMHOL
cucmemu, GIOHOGIIOBANACS 8 MedHCaAX KOHMPOAbHOI epynu. Bucnoeku: ompumani pesyrbmamu 6xasywoms Ha
AHMUOKCUOAHMHI 81ACMUBOCMI KOGDeIHY, W0 NO3UMUEHO NO3HAYANOCSA HA 3G2ANbHIill AHMUOKCUOAHMHIL AKMUBHOCHE
MImMOXOHOPIU nevinku Ha (oHi Oenpecii.

Kouosi crosa: oenpecis, kogein, aumuoxcuoanmua cucmema, M/IA, okucro-mooughikosani 6inku, KT, COL

Beryn. [lenpecis € omHUM 3 HaHIONIMUPEHIIIHX
Ta BaXKHUX 3aXBOPIOBAaHb cepell HACEIEHHS 3eMHOI
KyJi. 3a pO3BHTKY Jlenpecii HalOUIbII YPa3IUuBOIO €
HEpPBOBAa CHUCTEMa, aJie OCTaHHI JIOCIIDKEHHS
HaykosiiB (Lv et al., 2019; Li et al., 2020; Shea et
al., 2021; Luo et al, 2022) pg0oBOAATH, IO
nopyineHHs:  (QYyHKI[IOHYBaHHS  Cepllsi, IICUiHKH,
HUPOK, CEJNEe31HKH JOAAIOTh MEBHUHA BHECOK Y
(dopMyBaHHS 1HOTO 3axBOproBaHHA. OCKIJIbKH,
MeviHka €  TOJIOBHUM  OpPraHoM  BUBEJICHHS
TOKCHYHHMX METAa0OJITIB 3 OpraHizmy, a MiTOXOHAPIT
€ TOJOBHHUMHM OpraHejaMu, 110 3a0e3nedyroTh
CHEpriero I 3MIHCHEHHS BUBEACHHS, TOCIIKEHHS
iXHBOTO CTaHy 3a jernpecii Ta MOMYK e(eKTHBHUX
3aco0iB  TOAONAHHS JCHPECHBHOTO CTaHy €
BXJIMBHM Ta aKTyaJlbHUM Ha gaHud 4ac. OKpim
TOTO, JCIpecis CYMPOBOIKYETHCS AaKTHBI3AIIEIO
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OKHCHHUX NPOLECIB, A0 SIKMX HAA3BHYAHO UyTIMBI
MITOXOHJIPII. Came BIJX e(heKTUBHOCTI
(YyHKIIOHYBaHHS  AQHTUOKCHJAHTHOI  CHCTEMH
3aJIeKUTh 3JIATHICTh MITOXOHJIpiH 3a0e3rnedyBarty, B
Iepiry 4epry, €HepreTHyHi moTrpedu mediHku, a
TaKOX, MMOBHUI MeTa00Ji3M OKHCHUX MPOIYKTiB. B
SKOCTI JIKIB BiJI Jenpecii BUKOPUCTOBYIOTh Ko(eiH,
X04Ya iCHYIOTh HEOAHO3HAYHI BUCHOBKH IIOJO TOTO,
KOPHCHY YM WIKIIJIMBY Jif0 BiH CIIPUYHMHIOE HA CTaH
nevinkn Ta ii mitoxonapiii (Kim & Kim, 2018;
Baldissera et al., 2019; Aijaz et al., 2023).
Marepiasim  Ta  Meroaum.  ExcrnepumeHt
MIPOBOJIMIIA Ha OINMX CTAaTEeBO 3PIMHMX IIypax IiHil
Wistar, SIKUX YTpUMYBalH BiJIIOBIIHO JIO TPaBUII
3aXHCTy XpeOETHUX TBAPHH, KI BUKOPHUCTOBYIOTHCS
JUIL eKCTIEpUMEHTaNbHUX 1ineil. TBapuHu Oymm
TIOICHI Ha MBI €KCIIEPUMEHTANBHI TPYITH: CaMIli Ta
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CaMKH, KOKHa 3 SKHX OyJjia IMOAiICHa Ha YOTHPH
JOCTIIHI TPYIIH TIO 1’ ITh TBAPHH B KOXKHIA. Mosenb
nempecii 3a (Boyko et al., 2013). Kodein BBomumm y
koHreHTpamii 25 wmr/kr (Kodein-6eHzoar Hatpito
3AT «/lapuuts»). MitoxoHapiambHa — (pakiris
meuinku 3a MmerogoMm (Wieckowski et al., 2009).
CraH aHTHOKCHIAHTHOT CHCTEMH BH3HAYaId 32
sminamu kourenrparii MJIA (Andreeva, 1988) Tta
momudikosanux 6Ginkis (Miller et al., 2012),
aktuBHocTi COJJ (Kostjuk, 1990) Ta KT (Koroljuk,
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Puc. 1. Konyenmpauyia MJ[A y mimoxounopianvnii
¢paxuii neuinku wgypie excnepumMenmaibHUX pyn

Ilpumimka: mym i ¢ HaCMYRHUX PUCYHKAX:

1 — iumakmui meapunu,

2 — meapuHu, AKUM 8800UIU KOo@hein y KonyeHmpayii
25 me/ke npomseom 5 muoicnie (Koghein-6enzoam
nampiio 3AT «/Japruys»);

3 — meapunu 3 denpecicio;

4 — meapunu 3 Oenpecicio, AKUM 8600UNU KOQein y
KoHyenmpayii 25 me/xe npomseom 5 muowcnie (Kogein-
oenzoam nampiro 3AT «{apuuysay);

gipocioni Oani npu P < 0,05: * — eionocno
KOHMPOAbHOIL 2pynu, # — éionocro 2-i epynu meapun, $ —
8IOHOCHO 3-I epynu meapun, yci 6eIuyuHU HaseoeHi X +
SD, n=5.

VY rpymi TBapHH, SIKUM Yy SIKOCTi JIIKYBaJbHOTO
3aco0y BBOAWIM KOQeiH y KOHIEHTpamii 25 Mr/kr
OpOTATOM 5 TIXKHIB  CHOCTEpIranyd  3HWKEHHS
koHreHTpanii MJIA wmaibke Ha 40% mOpiBHAHO 3

TpyIoro JETIPECUBHUX TBapuH. Otpumani
pe3yiabTaTH  BKa3ylOTb  Ha  AHTUOKCHJAHTHI
BJIAacTUBOCTI  KOdeiHy, 10  y3TOIXKYETbCA 3

pesynbTatamu Jgociipkens (Barcelos, 2020). OnnHaxk,
CJIiJ] 3a3HAYUTH, L0 TOPIBHIHO 3 KOHTPOJIEHOIO
Ipynoro Iei Moka3sHuk OyB Bumie Ha 25%, 110
BKa3dye Ha MOMIpPHI aHTHOKCHIAHTHI BJIACTHBOCTI
kodeiny. B xomi ekcriepuMeHTy OyJio BCTaHOBJIEHO
LiKaBUi (PaKT 3HWKCHHS KOHIICHTpAIlii OKHUCHO-
MOJIU(IKOBAHUX OUIKIB y MITOXOHJIPISX IMEYIHKH SIK
3a BIUIMBY KO(eiHY B KOHTPOJIBHIN TPyIIi IIypiB, TaK
1 B Tpymi 3 Jempeci€ro, SKUM BBOJWIN KOQeiH
(puc.2). Orpumani pe3ynbTaTH Jald  HaMm
MOXJIMBICTh 3pOOMTH BHCHOBOK IIPO 3araJbHHUA
MPEeBEHTUBHUI 3axucHUl edekT Kodeiny Ha Oinku
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1988) Ta 3arajbHOI aHTHOKCHIAHTHOI aKTHBHOCTI
(Klebanov, 1988).

Pesynpratn Ta ix o0rosopenns.. IIpouecu
3a0e3MeUYCHHS CHEPTi€I0 TICHO TOB’S3aHI 3 OKHUCHO-
BiTHOBHUMH PEAKIiSIMHU, MPOAYKTAMH SKHUX, B TOMY
YUCI, € TOKCHMYHI MeTaOoJITH, 34aTHI 3MIHIOBATH
penoKc-cTatyc KIITUH. Tak, y TBapHH 3 JAEHpECi€ro
CITOCTEpIrai aKTUBAIlII0 OKHCHHX TporieciB (puc.l),
10 MIATBEPIKYE PE3yNbTATH TOCIIIKEHHS 1HIITNX
aBTOPIB.

[EE—

Konnentpanmis M/IA
S N B Oy S

(MKMOJIB/MI IPOTEIRY)

1 2 3 4

Fig. 1. Concentration of MDA in the mitochondrial
fraction of the liver of rats of the experimental groups

Note: here and in the following figures:

1 — intact animals;

2 — animals injected with caffeine at a concentration
of 25 mg/kg for 5 weeks (Caffeine-sodium benzoate of
CJSC "Darnytsia™);

3 — animals with depression;

4 — animals with depression, which were injected with
caffeine at a concentration of 25 mg/kg for 5 weeks
(Caffeine-sodium benzoate of CJSC "Darnytsia");

probable data at P < 0.05: * — relative to the control
group, # — relative to the 2nd group of animals, $ —
relative to the 3rd group of animals, all values are given
byx+SD, n=>5.

MITOXOHJIpi Me4iHKK IypiB. BcraHoBnenwuit ¢akt
Y3TOIKYETHCS i3 AHTHOKCUJAHTHUMH
BJIACTUBOCTSIMH KO(QEiHy, KU, B TOMYy 4YHCIHI,
moriepe/pkae  OKUCHy Mojudikarito OinkiB. 3amis
MOTIEPE/DKEHHST  PO3BUTKY OKHCHOTO CTpeCy B
KIIITUHAX, €BOTIOLIHO chopMmyBanucs
AHTHOKCHJAHTHI CHUCTeMH 3aXUCTy. OCHOBOIO TaKMX
CUCTEM € BHCOKOMOJICKYJISIPHI Ta
HU3BKOMOJICKYJISIPHI  CHOJYKH, sIKi 3a0e3nedyroTh
Oiorpancopmariito mpookcuaanTtiB. Jlo Takmx
AHTUOKCHJIAHTHUX (PEpMEHTIB BiJHOCITH IMUPOKO
po3noBcromkeri  dpepmentn COJI Tta KT, sxi
3a0e31euyI0Th MIEPETBOPEHHS TOKCHUYHHX
CYIIEPOKCH/TY Ta MEPOKCHIIB BiIOBITHO (prc.3).
Tak, y Tpyni TBapHH 3 JIeIPECI€r0, SIKUM BBOJINIH
ko(eiH BimOyBalOCh TOCTYNOBE  BiJHOBJICHHS
AKTUBHOCTI KT, o CYIIPOBOIKYBAJIOCH
MiJBUINCHHSAM aKTHBHOCTI ¢epmenty Ha 30%
MOPIBHAHO 3 TPYIOIO TBAPHH 3 ACMPECIEIO.

Biological systems. Vol. 16. Is. 2. 2024
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Puc. 3.

Axmuenicmp
CYNEPOKCUOOUCMYmasu y mimoxonopianvuiit gpaxuii
ReuinKu wypie eKCnepuMenmanbuux zpyn

Kamanasu ma

Amnaniz pesynbratiB mo aktuBHocti COJl y
caMIiB IIOKa3aB 3MiHM B TPYyIli 3 Jempeci€lo, a B
IHIINX aKTUBHICTh Oyna B MeXax KOHTPOJLHOI
rpynu. Lle Bka3zye Ha MO3UTUBHUHN BILTUB KO(eiHy Ha
AQHTHOKCHJAHTHY CHCTEMY, SKHHA CYHNPOBOIKYETHCS
BimHOBJIeHHsAM akTtuBHOCTI COJ] 10 HOpPMaabHOIO
PiBHS Ta J0AATKOBO MIATBEPIKYE aHTHOKCHUIAHTHI
BJIaCTUBOCTI Ko(eiHy 3a JIiKyBaHHS Jenpecii.

HonatkoBuM 1H(QOpMATHBHUM TapamMeTpoM €
3arajibHa aHTHOKCH/IAaHTHA aKTUBHICTH (puc.4). Bymo
BCTaHOBJICHO, 110 HIYPiB 3 JAENPECI€l0 el MOKa3HUK
3MEHILYBaBCA y 2 pasu, MOPIBHSIHO 3 KOHTPOJIBHOIO

Bionoriuni cucremu. T. 16. Bumn. 2. 2024

KapboH OUBIL OCHOBHL ANBIETiN-
ToximE

OKUCHO MmoOugpikosanux
npomeinie y mimoxonopianvuiii @paxyii newinku wypie

B xapGoH OimaL HeliTpambHi,
KeTo-TIoximH
Kapbon BUTIL OCHOBHL
ANk Ieri-Toxinm
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Fig. 2. Concentration of oxidatively modified
proteins in the mitochondrial fraction of the liver of
rats of the experimental groups
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AKTHBHICTB KATATAZH (MKKKAT/MI
npoTeiHy) Ta CYNepoKCHITHCMYTAN (V.0

Fig. 3. Activity of catalase and superoxide dismutase
in the mitochondrial fraction of the liver of rats of the
experimental groups

TPYIO0, 10 CBIMYHTH MPO 3arajibHE MPHUTHIYeHHS
AHTUOKCHUIAHTHOI CUCTEMH 3a JOCIIIHOI ITaTOJIOTII.
OTtpuMaHi pe3yJbTaTH Y3rODKYIOThCSA 3 JTaHUMH 10
aktuBHocTi KT ta COJ] B wilt mocmimHiid Tpyii.

JlikyBaHHS KO()eiHOM  CyNPOBOJKYBAIOCH
[TOCTYIIOBHM B1HOBJIEHHSIM 3arajgbpHOI
AHTHUOKCHUJIAHTHOT aKTMBHOCTI MITOXOHJPIH MeYiHKH
IypiB, 110 JIOJTAaTKOBO MiATBEPIKYE
AHTHMOKCHIAHTHI BJIACTHUBOCTI koeiny  Ta

Y3rOKYEThCSA 3 JOCITIDKEHHAMH HayKoBIiB (Anh-
Dao, 2022) Ta (Landerer, 2021).
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Puc. 4. 3azanvna anmuokcuoanmna aKmueHicmo y
Mimoxonopianvhii dpaxuyii uwypie
eKCnepuMeHmanbHux Zpyn

neuinku

BucnoBku. Kodein BusiBisSi€ TO3UTHBHUN BIUIHB
Ha AQHTHOKCHIAHTHY CUCTEMY, SIKHH
CYNPOBOKYETHCS ~ BITHOBJICHHSM  aKTHUBHOCTI
CYMEPOKCHIIUCMYTa31 Ta CTUMYJISIIE aKTUBHOCTI
Karaja3d B MITOXOHJPIAX TMEYiHKK MIypiB Ta
MiATBEP/PKYE aHTHOKCHUIAHTHI BIACTUBOCTI KOPETHY
3a JTiKyBaHHA AETpecii.

Kongnikm inmepecie: 0ocniosicenHs npogoounocs
3a  8i0cymHocmi  OyOb-AKUX KoMepyitiHux abo
(inancosux  siomocum, sKi  MOdCHA  OyIO O
UMIYMAUUmMu  AK ~ NOMEHYIUHUll  KOHGUIKmM
IHmepecig

Dinancysanns ma  HOOAKU:  OOCAIONCEHHS
nPOBOOUNOCS 6 pPAMKAX —IHIYIAMUEHOI HAYKOBO-
docnionoi’  pobomu  «Monexyaapui  mexauizmu
aoanmayii 00 cmpecy ma NOWYK HNPUPOOHUX
aoanmoeeniey (Noe 0122U001457), wo suxonyemuvcs
8 /[HinpoecvKoMy HAYiOHANLHOMY YHigepcumemi
imeni Onecs I'onuapa na 6asi kagedpu dioximii ma
¢izionoei.
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GENERAL ANTIOXIDANT SYSTEM OF RAT LIVER MITOCHONDRIA IN A
MODEL OF DEPRESSION AND CAFFEINE USE
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Depression as a neurological disease is accompanied by the formation of metabolites that cause body toxicity.
Among these, reactive oxygen species are significant, capable of damaging any body molecules (Barcelos et al., 2014;
Anh-Dao et al., 2022). The main organ of detoxification is the liver, which, under the conditions of disease development
and therapy, undergoes additional load. Mitochondria, as the main suppliers of energy, in conditions of increased
concentration of oxidative products, undergo changes that lead to an imbalance in cells. The search for drugs that can
simultaneously correct pathological conditions and exhibit hepatoprotective and antioxidant properties is an urgent
task of experimental and medical biochemistry. To determine the state of the general antioxidant system of the liver
mitochondria of rats under the conditions of depression and to correct this pathological state with caffeine. The
experiment was carried out on white, sexually mature Wistar rats, which were kept by the rules for vertebrate animals
used for experimental purposes. The animals were divided into two experimental groups: males and females, each
divided into four experimental groups of five animals. The state of the antioxidant system was determined by changes in
the concentration of MDA and modified proteins, SOD and CT activity, and total antioxidant activity using colorimetry
and spectrometry methods. The obtained results were subjected to statistical processing with Excel Microsoft 365.
Activation of oxidative processes was observed in animals with depression, including in liver mitochondria. In the
group of animals treated with caffeine at a concentration of 25 mg/kg for 5 weeks, a decrease in MDA concentration by
almost 40% was observed compared to the group of depressed animals. A decrease in the concentration of oxidatively
modified proteins was established both under the influence of caffeine in the control group of rats and in the depressed
group that was administered caffeine. Determination of the total antioxidant activity of liver mitochondria during
depression showed a halving of this parameter and indicates inhibition of protective mechanisms. Under the conditions
of caffeine use, the activity of KT and SOD, as one of the components of the antioxidant system, was restored within the
control group. The obtained results indicate the antioxidant properties of caffeine, which had a positive effect on the
overall antioxidant activity of liver mitochondria against the background of depression.

Keywords: depression, caffeine, antioxidant system, MDA, oxidatively modified proteins, CT, SOD.

Ompumano peokonezicio 26.10.2024

ORCID ID
Onena Xomenko: https://orcid.org/0000-0001-9341-6192
Omnera JIrommmuna; https://orcid.org/0000-0001-7791-4028

Biosioriuni cucremu. T. 16. Bum. 2. 2024 257



mailto:olga-d2009@ukr.net
https://orcid.org/0000-0001-9341-6192
https://orcid.org/0000-0001-7791-4028

