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[linnutyHkoBa 3a03a BiIIrpae HaJ3BUYANHO BAXJIMBY POJIb Yy TPaBJICHHI Ta
0OMiHi pedoBuH. [i auHapHi KIiTHHYE 3a0€311e4yIoTh (YHKII CHHTE3Y, HAKOIMYEHHS
Ta CEKpelii TpaBHUX €H3UMIB. [IpOXO/KEHHS IUX MPOIECIB € HEMOXKIMBUM 0€3
3HAQUHMUX 3anaciB eHeprii y Burisiai AT®, NOHOBIEHHS SKUX Yy 3HA4YHIA MIpi
BiI0YBa€THCS 3aBASKH (PYHKIIOHYBAHHIO MITOXOHJIPIH.

3MiHM (HI310JIOTTYHUX CTaHIB SK OPTAHI3MY B IIUIOMY, TaK 1 OKPEMHUX OpraHiB,
BIUIMBAIOTh HA 3JaTHICTh MITOXOHAPIA MiATPUMYBAaTH CHEPTreTUYHUN OalaHc y
KJIITUHAX. 30KpeMa, Ha alliHapHI KIITHHY MIINLUTYHKOBOT 31031 BIUTMBAIOTH KUPHI Ta
’KOBUYHI KHCJIOTH, aKTUBHI (JOPMHU OKCUT'€HY Ta MPOTYKTH HEOKUCHOTO METab0Ii3My
JIKOroJIr0 To1o. OJTHUM 3 UMHHUKIB, SIKM 3MIHIOE META0OJIYHI IPOLIECH OPTAHIZMY
B IIUIOMY, € OXHpPIHHS, 32 SIKOTO 3POCTa€E PU3UK HE TUIBKU CEePIIEBO-CYAMHHHX
3aXBOpIOBaHb 4M Jia0eTy, a W HEAIKOroJbHOI XBOPOOW MiIUUTYHKOBOI 3ai03H,
KOBUHOKAM STHOI XBOpOOM Ta TOCTpOro mnaHkpeatuty. (OCHOBHOK MPUYHHOIO
PO3BUTKY OXKMPIHHA BB&KAIOTh MOPYIIEHHS OanaHCy MDK KUIBKICTIO €HEprii, 10
HAJXOJUTh B OpPraHi3M, Ta BHUTpadaeTbcsd HUM. [IpoTe maHi Npo NOpYILIEHHS
CHEePreTUYHOro OOMIHYy B alMHApHMX KJIITMHAX MIINUTYHKOBOI 3aJ03u  3a
BHCOKOKAJIOPIMHUX JIET € HEYUCEIbHUMH, XO0Y caMa IpoOjeMa € HaJ3BHUYaHO
aKTyaJIbHOIO.

[{inHiM MeToJ0M OIOCHEPTeTUYHUX JOCHUKEHb 3MIH B MeETa0oJi3Mi
allMHAPHUX KIITHUH MIAUUTYHKOBOI 3aJI03M € peecTpauii MBHIKOCTI KIITUHHOTO
nuxanHs. Llel nepeBipeHuil 4acoM METO/I J1a€ 3MOTY 3apEeCTPyBaTy HABITh HAWMMEHIII
3MIHM y TIpOIIecax JUXaHHS Ta OKUCHOTO (pochoprinoBaHHs y MITOXOHIpiX. [IpoTe

aHaJI3 3alMCAaHUX CUTHAIIB € JOCHUTh 4aco3aTpaTHUM, CKIaTHUM 1 Cy0O’ €KTMBHUM



nporiecoM. Hampuknax, HalWvacTtiie BHUKOPUCTOBYBaHA BB3yallbHa  OIlIHKA
MOJIpOTpaMy € XO0Y IPOCTHM Ta IHTYiTUBHO 3PO3YMUIMM IHCTPYMEHTOM JIJI
JOCBITUEHOTO HAYKOBIIS, Ta BCE X Takh CYyO'€KTUBHHMM, HEHAIIMHMUM 1 ITOTaHO
BIATBOPIOBAHUM, SKIIO BHUKOPHUCTOBYETHCS 0€3 EKCIEPTHOTO PO3YMIHHS METONY.
CTBOpEHHS HOBHX, Cy4aCHUX METOIIB aBTOMATH3aIlill 00paxyHKIB 1a€ 3MOTY HE TUIbKU
36KOHOMUTH 4Yac, a 1 MIHIMI3yBaT! BILIUB YUCJICHHUX YUHHUKIB Ha SIKICTh OTPUMAHOTO
pe3yIbTary.

BcraHoBIIeHHS AOCTOBIPHOTO pe3yibTaTy MPO MPOXOKEHHS MeTaboJIIHUX
MPOILIECIB Y KIIITHUHAX TAKOXX HEMOXJIMBE O€3 OINHKH JKUTTEABIIBHOCTI ITUX KIIITHH.
AKTyaJIbHUM € TIepEeBIpKa ICHYFOUMX METO/IIB 32 HOPMAJIbHUX Ta MATOJIOTTYHUX CTaHIB,
30KpeMa TakuX, sIK Jis1 )KOBYHUX KUCJIOT Ha allMHAPH1 KIITHHH MIIIUTY HKOBOT 3a1031.

3BaKarouM Ha BUINEBKA3aHI apTyMEHTH, OCIIIKEHHS EHEPreTUYHOrO
3a0e3MmeueHHs allMHApHUX KITHH IMINDIYHKOBOT 3aI031 3a PI3HUX (PYHKITIOHATBHUX
CTaHIB, 3 BUKOPUCTAHHIM HOBHX JI0JIaTKOBUX METOJIIB B OI[HII JKUTTEAIIIBHOCTI Ta
ONpAalLlOBaHHI OTPUMAHUX CUTHAIIB, JalOTh 3MOTY IMOKPAIIUTH PO3YMIHHS TaKuX
MPOLECIB, MEPEBIPUTU HASABHI MOJEII, a TAKOX PO3POOUTH NPAKTUUHI PILEHHS s
MO JATBIINUX JIOCJIIKEHb.

Meroro poOoTH OyJ0 JOCTIIUTH OCOOIMBOCTI EHEPTETUYHOIO 3a0e31ey eHHs
alIMHAPHUX KJIITHUH 32 3MIHU JII€TU Ta HIIMX (PYHKIIOHATBHUX CTaHIB.

VY aucepTamiiiHii poOOTI 3ampONOHOBAHO MPOTPaMHE PIIICHHA Y BHUIJIAJI
AMMOPUTMY JUIT aHAI3y 3alHCiB  TOJPOTrpapidHAX AOCHIKEHb, a TaKOX
Npe/CTaBICH] Pe3ylbTaTh MEPEBIPKU TAKOrO0 alrOpUTMy. ABTOPCHKE HpOrpamHe
pIICHHS CKIAAETbCs 3 JIEKUIBKOX KOMITOHEHTIB, sIKI HEOOXimHI JJId aHaIi3y
NICEBJIOJIHIMHUX KPUBUX, OJIHOMIAILHUX KPUBUX HEBIOMOTO CTYIEHS 3 HEBEJTMKOIO
KPYTU3HOIO, @ TaKOK CKJIQJIHUX KPUBUX 3 JIBOX JIHIMHUX JUISTHOK, 5Kl 3’ €JIHaHI MDK
00010 MOJIHOMOM TPETHOTO MOPSAKY. Y MEXKax TaKMX BUIAAKIB MOJSIPOTrpadaHmX
3anuciB ¢(hOPMOBAHO TPH 3aBJIaHHSA: MOIIYK JUITHKA 3 MaKCHUMAaJIbHOIO MIBUIKICTIO,
MOIIYK JUISHKKM 3 MIHIMAIBHOIO MIBHJKICTIO Ta TMOMIYK HAWOUIBII JIHIAHOTO

(dbparMeHTy 3 HACTYITHUM OOYHMCIICHHSIM IBUIKOCTI.



Ha moyaTtkoBHX eranax aJropuTMy peali3oBaHa IIe OJIHA BXJIMBA (QPYHKILS —
OYHIIICHHS 3aMKMCaHOi MOJIpOrpamMu Bl apTedakTiB Ta IIyMIB PI3HOI IPUPOJIN.
3aB/sIKM BUKOPHUCTAHHIO BUCOKOUYTJIMBUX NMPWIAAIB JJIsl peecTpauii CUrHaly, He
TUTbKU TTOKPAIIMBCS KUTbKICHUM 1 SKICHUH 301p JaHUX, aje 1 30 UTbIIMIACh KUTHKICTh
MPOOJEMHUX AUITHOK 13 CIOTBOPEHWM CHTHAJIOM BHACHINOK il PI3HOMAHITHUX
YUHHUKIB. Takl JUITHKU OyBarOTh Y BUIIIAA1 apTe(PAKTIB — PIIKICHUX CYTTEBUX 3MIH 3
BEJIMKOIO aMIUNTYI0I0, OCHWIBILIMHUX IIyMIB — PUTMIYHHUX 3MIH CHTHaly, HE
MOB’S3aHMUX 13 JOCIKYBAaHUM SIBUIIEM, a TaKOX 3BUYAMHUX IMyMIB — YacTUX
HECYTTEBUX 3MIH 13 HEBEIMKOIO aMIUNTy/1010. Pi3HI BUIM CMIOTBOPEHHS CUTHATY, a
TaKOX 1X KOMOIHAIli MOXYTh CYTT€BO BIUIMBATU HA MPOBEJACHHS aHAIBY 3amucy. A
TOMY TX BHJIy4€HHSI € HEOOXITHUM KPOKOM JIJIsl TOAANIBIIOTO BU3HAYEHHS IIIBUIKOCTI
3MIHM OKA3HUKA BUIIIOBIIHO 10 3aBIaHHS.

IlepeBipka poOoTH amropuTMmy Oyna 3IIHCHEHA SK Ha INTYYHO TEHEPOBAHHUX
JaHUX 3 BIIOMOIO MIBUIKICTIO Ta JOJaHUMU CTIOTBOPEHHSMH, TaK 1 Ha peabHUX
3anucax noJsiporpa@iyHUX JOCHYIKEHb JUXaHHS 130Jb0BAaHUX MITOXOHIPIA NEYIHKU
Ta alUMHApHUX KIITUH MINUTYHKOBOI 3ano3u. [IB1 HasBHI Bapialii BUKOHAHHS
00paxyHKy LIBUAKOCTI JUXAHHS — allTOPUTM MOJIHOMIAIbHOT perpecii Ta Y4OBHUKOBUIA
ATOPUTM — TOKA3aliu 33J0BUIbHI pe3yJbTaTh y BCIX TPhOX 3aBAAHHSIX I Yac
MIEPEBIPKYU HA IITYYHO T€HEPOBAHUX JIaHUX. AHATOTTYHUIN Pe3yabTaT 0yJI0 OTPUMAHO
BHACJIIOK MOPIBHSIHHS JaHUX, SIKI PO3PaxOBaHl 13 BUKOPUCTAHHSIM ITOPUTMIB, 13
Me1aHOIO OIIHOK, 3p00JeHUX YoThpMa ekcriepTamu. OKpema BapTo 3a3HAYUTH PO
HAsBHICTh TOMITHOI PBBHMIN Yy pO3paxyHKax EKCIEpTIB, IO TUILKH MIATBEPIKYE
HAsBHICTh CYy0’ €KTMBHOTO BIUIMBY EKCIIEPUMEHTATOpa Ha aHaji3 MOJIIporpadiaHux
3aMuCiB.

JlocHimKeHHs 3aJIeKHOCTI P03’ €AHAHOIO JIMXaHHS 130JbOBAaHUX AaLMHYCIB
MIIUTYHKOBOT 3al03W BII JKUTTEAIIIBHOCTI KIITUH TOKa3alid, W10 JOIUIBHO
BUKOPUCTOBYBATH B EKCIIEPUMEHTAX JIMIIE TMpenapaTd AalfHyCiB MiIILTyHKOBO1
3aJI03U 3 BUCOKOIO >KUTTE3MATHICTIO (> 95 % TpunaHHeraTwBHi), 1100 YHUKHYTH
edeKTy HeraTMBHOT'O METaOOJIMHOTO 3CYBY, MOB’S3aHOTO 3 MpemaparaMyd HIKYO1

SKOCTI. MeHm 1H(GOpMAaTUBHOIO 1 HEAOCTAaTHHRO YYTJAMBOIO € 3BHYAiHA OIlIHKA



ONTUMAJIbHOT KOHIIEHTpallii mnpoToHodopa (1le OAWH MapaMeTp, SKHM YacTo
BHUKOPHUCTOBYETHCS Y JTOCTIKEHHAX), KOJM CYCUTHI 3HAUYCHHS IIBUKOCTI JHXaHHS
ayxe OJIM3bKi OJJMH 10 OAHOTO0. J[01aTKOBO, AMCKPETHUHN XapaKTep LbOro napaMmerpa
POOHTH CTATUCTUIHUI aHATI3 JOCUTH TPOOIEMATHIHAM.

Tomy OyB 3ampomOHOBaHWN HOBHH MapaMeTp — CTaOUILHICTH PO3’° €IHAHOTO
nuxaHHsa. BiH BU3HAYaeTLCS K CIIBBIIHOMICHHS INBUAKOCTI IUXAHHS 3a BUCOKHX 1
HU3bKuX KoHneHrpanii FCCP. Mu BcTaHOBWIM, IO CTaOUIBHICTH PO3'€THAHOTO
JUXaHHs, TOOTO 3/1aTHICTh MITOXOHAPIM MATPUMYBATH BUCOKY IIBUJKICTh IUXaHHS 31
30UIbIIEHHSIM ~ KOHIIEHTpallii mnpoTtoHodopa, € TUM BHUIIOO, YUM Oulbllia
KUTTE3IATHICTh KJIITUH 130JIbOBAHUX AIMHYCIB MIINDTYHKOBO1 3a503u. [Ipononyemo
BUKOPHCTOBYBATH CTAOUILHICTh PO3'€IHAHOrO JAMXAHHS SIK HOBUH METaOOJIYMHUN
(YHKITIOHATBHANW TECT IS JOIOBHEHHS ICHYIOUMX METOIB OIIHKH >KHUTTE3aTHOCTI
KJTITHH.

Opnieto 3 HalnmommpeHimmx (opM TOCTPOTO MAaHKPEATUTy € OunapHun
MaHKPEaTHT. 3a [UX YMOB KOBYHI KHCJIOTH MOTPAIUILIOTh Y MPOTOKH MiTILTYHKOBOT
371034 1 B3a€EMOJIIOTh 3 alMHApHUMHU KiiTMHaMu. [loka3zaHo, MO HAsBHICTH Y
cepenouin xoBuHoi kuciotu TLC-S (taurolithocholic acid 3-sulfate, cymwdar
TAypOJITOXOJICBOT KHUCJIOTH) y KoHIeHTpaui 0,5 MMOJb/I 3a BHKOPHCTAHHS SIK
cyOCTpaTy OKMCHEHHS IIIOKO3H, MIPYBATy YU alaHIHy CYTTEBO HE BIUIMBAE HA YACTKY
KUBHUX KJITHUH TICIISA JBOX 1 YOTUPHOX roJuH iHKyOari. Komu x 10 cepenoBuiia
nonaBamu TLC-S y konmentparii 2 MMOJB/J, YacTKa JXKMBHX KIINTHH 3HAYHO
3MeHlIyBasacs. Lle 3MeHIeHHs 3anexano Bi HasBHOTO Y CEpENOBUILI CyOCTpaty
OKUCHEHHS 1 0yJ10 HallMEHIII BUPAXXEHUM 32 OKMCHEHHS MTIPYyBary.

3anexHicTs BBy TLC-S Ha MeMOpaHHHWI MOTEHINAT MITOXOHAPIA Bi
cyOCTpaTy OKMCHEHHS J1a€ MiICTaBU TOBOPUTU MPO CKIAAHIINN MEXaHI3MH, aHDK
MEXaHICTUYHE pYHHYBAaHHS O10J0TTUHUX MEMOpaH.

Takox Oyyo 3apeecTpOBaHO 3HUKEHHS MEMOPAHHOTO MOTEHIIIATY MITOXOHAPIN
allMHAPHUX KJITHUH TIUUTYHKOBOT 3aJI03H MICIs MPEIHKYyOailii 3 >)KOBUHOIO KHCJIOTOO
TLC-S y xonnentpauii 0,5 MMoib/n, ske 3amexano BiIl CyOCTpaTy OKHCHEHHS.

30KkpemMa, 3a HAIBHOCTI TJIFOKO3W MEMOpaHHUN TTOTSHITIAT MITOXOH/IPii 3MEHIIIMBCS Ha



9,8 % (P<0,05, n=3), a y npucyTHOCTI ajlaHiHy (Ha T1i Tiiroko3u) — Ha 23,5 % (P<0,05,
n=4). Komm x 10 cepenoBuina a01aBajii MipyBaT (Ha TI TIFOKO3H), MEMOpPaHHUMA
MoTeHITian MitoXoHpid min BrumBoM TLC-S BiporimHo He 3MiHIOBaBCS. O4YeBHIIHO,
3apeeCTPOBAHE 3MEHIIICHHS MEMOPAHHOTO IO TEHITIATY MOKe OyTH CIIPUYHHEHE O THIM
a00 KOMOIHAIIIEIO KUTbKOX MPOTIECIB:

1) iHriOyBaHHSM anaHiHAMIHOTpaHC(epasu;

2) 3MEHIICHHSM PIBHS 0-KETOTIIyTapary;

3) mMOpyIICHHSIM OKHCHEHHS TJyTamary, IO YTBOPIOETbCS Y peaKiil
TpaHCaMIHyBaHHsI aJlaHIHYy.

[HII1 #IMOBIPHI MEXaHI3MH 3MEHITICHHS MEMOPAaHHOTO MTOTEHITIATY MITOXOHIPIH
3a 11 TLC-S y HU3bKHX KOHIIEHTPAIIAX € MATOUMOBIPHIUMH, OCKUIHKH 3apEECTPOBaHI
3MIHUA Majii Ou OyTH OJTHAKOBHUMHU 32 BUKOPUCTAHHS PIBHUX CyOCTpaTiB OKUCHEHHS.

BcranoBneHo, mo KOpOTKOYAacHAa BHCOKOXKHPOBA Ta/ab0 BUCOKOBYTJICBOJIHA
Jll€eTa TPUBAIICTIO 7 TW)KHIB HE BIUIMBAE HA Macy TUla YU Macy MEYIHKH TBApUH
BITHOCHO KOHTpOJIt0. CTaTUCTUYHO JOCTOBIPHE 30UIBIIEHHS MAacH BICIEPATHLHOIO
KUPY 3apEECTPOBAHO y TpyIi TBapHH, 10 NepeOyBaid Ha ATl 13 30UIBIIEHOIO
YaCTKOIO KUPIB Ta BYTJCBOJIIB.

KonnenTpartii xoJyiecteposy JIMOMPOTEIHIB BUCOKOI 1 HU3BKO1 IMIUTLHOCTI,
TPUTIIEPHUAIB 1 TIFOKO3U TJIa3MH KPOBI JOCIITHUX TBAPUH TaKOX HE BIAPIBHIINACH
BIIHOCHO KOHTPOJIIO Ha 4ac 3aBepIleHHs aieTH. [IpoTe KOHIEHTpalis 3araibHOro
XoJiecTepoy Oyia OUTBIIO0 B 000X TOCIITHUX TPYyIIax.

VY IoCHiTHUX TBAapUH HE 3apEECTPOBAHO 3MiH (BITHOCHO KOHTPOJBHOI IPYIIH)
IBUKOCTI INXaHHS 130JIbOBAHUX MITOXOHJIPIA MEYIHKU 32 OKMCHEHHS CYKIIMHATY,
cymiun [IJyramary 3 MajlaToM Ta 3-TiIpokcuOyTtuTy. Po3paxoBaHi IHIEKCU
TUXaTbHOTO KOHTPOJTIO 130JIbOBAHUX MITOXOHAPIN MeviHku Oyii B miarma3oHi 3,9-5,6,
M0 CBIIYUTh TPO BHUCOKY CHPSDKEHICTh TPOIECIB JAUXaHHS 1 OKHCHOTO
dochoproBaHHS Ta BUCOKY SIKICTh MITOXOHIpIAJIbHUX MTPENapariB ycix rpyI TBApUH.
OnHOYACHO, IKOICh 3AICKHOCTI UXATLHUX KOHTPOJIIB BiI JIIET, HA SIKii mepeOyBain
TBapWHU, BCTAHOBUTH HE BJATIOCS.

VY nmochamkeHHSX Ha BOJHLOBAHMX allMHycax MANUTYHKOBOI 3al03H IIypiB



BCTAHOBJICHO 3MEHIIICHHS INBUIAKOCTI 0Oa3albHOrO JWXaHHS Yy TBapWH Ha
BHCOKOKHMPOBIH Ji€Tl. MakcuMabHa MBUJIKICTh PO3’ €THAHOTO JUXAHHS 30 UThITIHIIACS
3a OKHCHEHHS 3-TIIPOKCHOYTHUpaTy BITHOCHO IIBUIKOCTI JWUXAHHS 32 OKHCHEHHS
TJIFOKO3W — HE3aJIeKHO BiA JocmimgHol rpymu. Lle Moe CBITUMTH TIPO YTHITI3AIIO
KETOHOBHX TUT MITOXOHIPIIMH allMHYCIB MIIITYHKOBOT 3aJI03H.

BcranoBneHo, 1o MeMOpaHHUI NOTEHIIa] MITOXOH I Ta aBTO()IyOopeCUECHITIs
HAJI(®)H anuHapHUX KITUH MIANDTYHKOBOT 3aJI03M HE 3aJICKAIU Bifl TOCIIKEHUX
nier TBapuH. ABToduiyopecueHuist HAJ(®)H aumbapHux KiiTMH 3pocTana 3a
OKHUCHEHHS 3-TIIPOKCUOYTUpATY, ajie He 3aJieKalla 38 OKUCHEHHS YCIX 10 CIIIHKYBAaHUX
cyOCTpaTiB Bifl JIETU TBAPUH.

OTmxe, MOXKHA 3pOOHWTH BUCHOBOK, IO JOCTIIXKYBaHI JIETH TMPAKTHYHO HE
BIUTMBAIOTh HA MITOXOHIpiaNbHI QYHKIT MANITYHKOBO1 3a51031. HeBenuke 3HMKEHHS
0a3aTbHOTO JUXAHHS 130J1b0BAHUX AIIMHYCIB MIIIUTYHKOBOT 371031 32 BUCOKOKHUPOBOI
TIETH HE CYNPOBOHKYBAIOCS 3MIHAMHU IHIIUX MPOIECIB Y MITOXOHAPIIX.

Kuro4oBi csoBa: miguutyHKoBa 3aJi03a, AllMHAPHI KJIITUHU, JIETA, OXUPIHHS,
BiCIIEpIbHUN KUP, JKUTTE€3JATHICTh, MITOXOHJIpPI, MITOXOHApIaIbHE JIMXaHHS,
MeMOpaHHUM TOTEHLIaT MITOXOHJpI, >koBuHa kuciora TLC-S (cymbdar

TaypoJiroxoJieBoi kucjaoTt ), FCCP, cybcTpaTu OKUCHEHHS, TIE41HKa, KPOB, aITOPUTM



SUMMARY
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The pancreas plays an extremely important role in digestion and metabolism. Its
acinar cells perform the functions of synthesizing, storing, and secreting digestive
enzymes. The progression of these processesis impossible without significant energy
reserves in the form of ATP, the restoration of which largely occurs through the
functioning of mitochondria.

Changes in physiological states, both in the organism as a whole and in
individual organs, affect the ability of mitochondria to maintain energy balance in cells.
Specifically, acinar cells of the pancreas are influenced by fatty acids, bile acids,
reactive oxygen species, and products of non-oxidative alcohol metabolism. One factor
that alters the metabolic processes of the entire organism is obesity, which increases
the risk not only of cardiovascular diseases and diabetes but also of non-alcoholic
pancreatic disease, gallstone, and acute pancreatitis. Obesity is primarily attributed to
an imbalance between the energy intake into the body and its expenditure. However,
data on disruptions in the energy metabolism of acinar cells of the pancreas under a
high-calorie diet are scarce, despite the issue being highly relevant.

A valuable method for bioenergetic research on changes in the metabolism of
pancreatic acinar cells is the registration of cellular respiration rate. This well-
established method allows for the detection of even the smallest changes in respiration
and oxidative phosphorylation processes in mitochondria. However, the analysis of
recorded signals is a time-consuming, complex, and subjective process. For instance,
the commonly used visual assessment of a polarogram is a simple and intuitive tool for
an experienced scientist, yet it remains subjective, unreliable, and poorly reproducible
without expert understanding of the method. The development of new, modern



methods for automation of calculations not only saves time but also minimizes the
impact of numerous factors on the quality of the obtained result.

Obtaining a credible result regarding the progression of metabolic processes in
cells is also impossible without assessing the viability of these cells. It is pertinent to
evaluate existing methods under normal and pathological conditions, including the
effects of bile acids on pancreatic acinar cells.

Considering the aforementioned arguments, investigating the energy supply of
pancreatic acinar cells under different functional states using new additional methods
for assessing viability and processing obtained signals allows for an improved
understanding of these processes. It helps validate existing models and develop
practical solutions for further research.

The aim of the study was to explore the peculiarities of the energy supply of
acinar cells under changes in diet and other functional states.

The dissertation proposes a software solution in the form of an algorithm for the
analysis of polarographic studies, and the results of testing such an algorithm are
presented. The author's software solution consists of several components necessary for
the analysis of pseudo-linear curves, polynomial curves of unknown degree with a
small slope, and complex curves with two linear segments connected by a third-order
polynomial. Within the framework of such cases of polarographic records, three tasks
were formulated: finding a section with maximum rate, finding a section with
minimum rate, and finding the most linear fragment with subsequent rate calculation.

At the initial stages of the algorithm, another important function is implemented
— cleaning the recorded polarogram from artifacts and noises of various nature. The
use of highly sensitive instruments for signal registration not only improved the
guantitative and qualitative data collection but also increased the number of
problematic areas with distorted signals due to various factors. Such areas can be
artifacts — rare significant changes with a large amplitude, oscillatory noise — rhythmic
signal changes not related to the studied phenomenon, and common noise — frequent
insignificant changes with a small amplitude. Different types of signal distortion, as
well as their combinations, can significantly affect the analysis of the record.



Therefore, their removal is a necessary step for further determining the rate of the
indicator change according to the task.

The algorithm's performance was tested on artificially generated data with a
known slopes and added distortions, resembling those obtained from real records of
polarographic studies of isolated liver mitochondria respiration or pancreatic acinar
cell studies. Two available variations of respiratory rate calculation — polynomial
regression algorithm and shuttle algorithm — showed excellent results in all three tasks
during testing on artificially generated data. A similar result was obtained by
comparing the data calculated using the algorithms with the median of calculations
made by four experts. It is worth noting the noticeable difference in the experts'
calculations, confirming the subjective human influence on the analysis of
polarographic records.

The research on the dependence of uncoupled respiration of isolated pancreatic
acini on cell viability showed that it is advisable to use only acinar preparations with
high viability (> 95% trypan-negative) in experiments to avoid the negative metabolic
shift associated with lower-quality preparations. The conventional assessment of the
optimal concentration of protonophore (a parameter commonly used in mitochondrial
and whole-cell studies) is challenging when adjacent respiration rate values are very
close to each other. In addition, the discrete nature of this parameter makes statistical
analysis of its change in various experimental settings quite problematic. T herefore, a
new parameter, "uncoupled respiration stability,” was proposed. It is defined as the
ratio of respiration rates at high and low concentrations of FCCP. It was found that the
stability of uncoupled respiration, i.e., the ability of mitochondria to maintain a high
respiration rate with an increasing concentration of protonophore, is higher when the
viability of isolated pancreatic acini cells is greater. The stability of uncoupled
respiration is suggested to be used as a new metabolic functional test to complement
existing methods for assessing cell viability.

One of the most common forms of acute pancreatitis is biliary pancreatitis. In
these conditions, bile acids enter the pancreatic ducts and interact with acinar cells. It
has been shown that the presence of the bile acid taurolithocholic acid 3-sulfate (TLC-



S) at a concentration of 0.5 mmol/L in the environment, when used as a substrate for
the oxidation of glucose, pyruvate, or alanine, significantly does not affect the fraction
of live cells after two and four hours of incubation. However, when TLC-S was added
to the environment at a concentration of 2 mmol/L, the fraction of live cells decreased
significantly. This decrease depended on the available substrate for oxidation and was
least pronounced during pyruvate oxidation.

The dependence of the effect of TLC-S on the mitochondrial membrane potential
on the substrate of oxidation suggests more complex mechanisms than mere
mechanistic disruption of biological membranes.

A decrease in the mitochondrial membrane potential of acinar cells of the
pancreas after pre-incubation with the bile acid TLC-S at a concentration of 0.5
mmol/L was also detected, depending on the substrate of oxidation. Specifically, in the
presence of glucose, the mitochondrial membrane potential decreased by 9.8%
(P<0.05, n=3), and in the presence of alanine (on the background of glucose), it
decreased by 23.5% (P<0.05, n=4). However, when pyruvate was added to the
environment (on the background of glucose), the mitochondrial membrane potential
under the influence of TLC-S likely did not change. Apparently, the detected decrease
in the mitochondrial membrane potential can be caused by one or a combination of
several processes:

1. Inhibition of alanine aminotransferase;

2. Decrease in the level of a-ketoglutarate;

3. Disruption of the oxidation of glutamate formed in the alanine
transamination reaction.

Other possible mechanisms of decreasing the mitochondrial membrane potential
under the action of TLC-S at low concentrations are unlikely, as the registered changes
would be the same using different oxidation substrates.

It was established that a short-term high-fat and/or high-carbohydrate diet for a
duration of 7 weeks does not affect the body weight or liver mass of the animals
compared to the control group. A statistically significant increase in visceral fat mass
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was recorded in the group of animals on a diet with an increased proportion of fats and
carbohydrates.

The concentrations of high-density and low-density lipoprotein cholesterol,
triglycerides, and blood glucose in the plasma of the experimental animals also did not
differ from the control at the end of the diet. However, the total cholesterol
concentration was slightly higher in both experimental groups.

No changes in the respiration rate of isolated liver mitochondria from the animals
on high-fat or high-fat and high-sugar diets (compared to the control group) during the
oxidation of succinate, a mixture of glutamate with malate, and 3-hydroxybutyrate
were detected. The calculated respiratory control ratios (RCRs) of isolated liver
mitochondria ranged from 3.9 to 5.6, indicating a high coupling of respiration and
oxidative phosphorylation and high-quality mitochondrial preparations in all groups of
animals. At the same time, no dependence of respiratory controls on the diets of the
animals were found.

In studies on isolated pancreatic acini of rats, a reduction in the basal respiration
rate was observed in animals on a high-fat diet. The maximum rate of uncoupled
respiration increased during the oxidation of 3-hydroxybutyrate compared to the
respiration rate during glucose oxidation, regardless of the experimental group. This
proves the ability of pancreatic acinar cells to oxidize the ketone bodies.

It was found that the membrane potential of mitochondria and autofluorescence
of NAD(P)H in pancreatic acinar cells did not depend on the studied diets. The
autofluorescence of NAD(P)H in acinar cells increased during the oxidation of 3-
hydroxybutyrate irrespectively of the diets. Therefore, it can be concluded that the
studied diets largely do not affect the mitochondrial functions of the pancreas. The
slight reduction in the basal respiration of isolated pancreatic acini on a high-fat diet
was not accompanied by changes in other parameters of mitochondrial oxidation.

Key words: ncreas, acinar cells, diet, obesity, visceral fat, cell viability,
mitochondria, mitochondrial respiration, mitochondrial membrane potential, bile acid
TLC-S (taurolithocholic acid sulfate), FCCP, oxidation substrates, liver, blood,
algorithm
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