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Mitochondrial dynamics in oxygen-glucose deprivation
on a model of cultivated hippocampal slices

Ischemia injury is one of the most common death reasons in Ukraine and in a whole world. At the cells level
stroke characterized by oxygen and glucose supply loose that cause energy failure and neurdegeneration.
Mitochondrais are the key organelles of cell energy homeostasis. In order to discover dynamics of energy
metabolism in ischemia damage we have been focused on investigation of mitochondrial functioning after
30-min oxygen-glucose deprivation (OGD) and reoxygenation 1 and 4 hours. We have done a comparison
analyze of active mitochondrial activity of hippocampal pyramidal neurons and glial cells of CAI and CA3
areas using fluorescent dyer MitoTracker Orange. In the present study it was determined that pyramidal
neurons and glial cells have different dynamics of mitochondrial activity. Hippocampal pyramidal neurons
have demonstarated the increasing of activity during first hour and the decreasing for four hours after
OGD. Glial cells increased their mitochondrial activity fourth hours after start of reoxygenation, comparing
with first hour. This indicates a specific activation of pyramidal neurons in response to the OGD, which,
however, can not be maintained for a long time. For glial cells is characteristic of a more prolonged and
sustained increase in mitochondrial activity. Thus, it can be assumed that the more resistant glial cells are
able to some extent, to modulate the function of neurons in a lack of oxygen and glucose.

INTRODUCTION

Mitochondria are important for functioning
of eukaryotic cells. It is main determinants
of cellular respiration, energy homeostasis.
Lots of pathological states (anoxia, ischemia,
hemorrhagic shock) are accompanied by
disfunction of the mitochondria and its inability
to keep electrochemical proton gradient on
membrane that result in cell degeneration and
death. As consequence, oxide phosphorylation,
ATP producing and Ca?>" homeostasis can not
be maintained at native level. Brain ischemia is
one of the most widespread pathology in Ukraine
and in the whole world. The study of the cellular
mechanisms of neurodegeneration is of great
importance. Hippocampal organotypic culture
is effective and useful model to investigate the
mechanisms of ischemic damage of the brain. The
natural tissue cytoarchitectonic and cell connections
are preserved into cultivated slices. In present
work we have been focused on mitochondria of
neuronal and glial cells in CA1 and CA3 area under
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oxygen-glucose deprivation (OGD) on a model of
cultivated hippocampal slices.

METHODS

Hippocampal slices were obtained from the
brains of 7-day-old rats and cultured according
to the technique by Stoppini [1]. The procedure
of oxygen-glucose deprivation was performed
as described previously [2, 3]. The duration of
OGD was 30 min; then, the slices were returned
to normal conditions of culturing for 1h or 4 h
(period of normoxic reoxygenation).

One and four hours after OGD hippocampal
cultivated slices were stained with MitoTracker
Orange CMTMRos (Cat. n0.M7510). Next op-
erations were performed: 1 —slices were washed
with serum free medium; 2 — incubation with
MitoTracker Orange (final concentration — 50
nM) was lasting 30 min at temperature 37°C; 3
—slices were washed with PBS (2 times, 5 min);
4 — staining was controlled with inverted micro-
scope; 5 — fixation with 4% paraformaldehyde in
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PBS (30 min); 6 — slices were washed with PBS
(2 times, 15 min), mounted on slides, embedded
in Dako fluorescent mounting medium (Dako,
Denmark). Mitochondrial activity of CA1 and
CA3 hippocampal cells was analyzed at 1 and
4 hours after OGD. Pyramidal neurons and glial
cells were estimated separately. The slices and
sections were analyzed under a confocal micro-
scope FV1000-BX61WI (“Olympus”, Japan,
magnification — x600) using the corresponding
software. Statistical analysis was performed
using Statistica software, version 5 (StatSoft,
USA). Numerical data are presented below as
means + S.E.M. Intergroup differences were es-
timated using Student’s t-test; these differences
were considered to be significant at P<0.05
(marked by an asterisk in the figures).

RESULTS AND DISCUSSION

The aim of investigation was to analyze
mitochondrial dynamics of CA1 and CA3
hippocampal cells after 30-min OGD and
normoxic reoxygenation 1 and 4 hours. Pyra-
midal neurons and glial cells were estimated
separately, as previously was reported that they
have different susceptibility to deficiency of
oxygen and glucose [4].

For estimation mitochondrial activity was
used fluorescent dye MitoTraker Orange.
Fluorescent probes aloud to uncover changes
in membrane lipoprotein composition and to
explore molecular mechanisms of cell patho-
genesis. The membrane surface heterogeneity,
charges accumulation, membrane ion binding
and changes in membrane potential during mito-
chondrial functioning can be estimated [5]. The
intensity of fluorescent probe luminescence was
influenced by membrane dynamics and changes
in trans-membrane potential.

The cell-permeant fluorescent MitoTracker
probes contain a mildly thiol-reactive chro-
methyl moiety for labeling mithohondria. To
label mitochondria, cells are incubated with
MitoTracker probes, which passively diffuse
across the plasma memebrane and accumulate
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in active mithohondria forming thiol conjugates
with mitochondrial proteins. MitoTracker Or-
ange determine amount of functionally active
mitochondrias.

Electrochemical proton gradient was used
as criteria of mitochondrial functional state.
Mitochondrial membrane potential provided
by respiratory chain electron transport and
can reach 200mV [6]. Its decrease is an
evidence of respiratory chain disruption and
ATP synthesis failure. Mitochondrial membrane
potential decreasing can provoke release of
mitochondrial factors that can trigger cell death
pathways. It is well known that changes in cell
conditions directly connected with changes in
mitochondrial membrane potential [7].

In control mitochondrial activity of pyra-
midal neurons in CA3 hippocampal area was
2,4+0,1 (a.u.) and 1,7+0,2 in CA1 area. That
confirms previously observed differences in
metabolic and energy state of this brain area
[8]. In present investigation in control we
have not observed any significant difference in
mitochondrial activity between CA1l and CA3
glial cells. Mitochondrial activity of pyramidal
neurons of CAl area is lower (1,7+0,2) than
activity of glial cells of the same zone (2,7+0,3).
This phenomenon was not typical for CA3
hippocampal area.

The level of mitochondrial activity was
higher in both pyramidal and glial cells of
CAT1 and CA3 areas one hour after OGD. Most
prominent activation was noticed in pyramidal
neurons (3,1£0,1) and glial cells (3,6+0,2) of CA3
hippocampal area. That could be an evidence of
cell defense mechanisms switch and employment
of mitochondrial reserve energy sources.

Mitochondrial activity level of pyramidal
neurons in CA1l and CA3 areas was decreased
(2,2+0,3 and 2,7+0,2 respectively) four hours
after OGD, but did not reach control meaning.
We suppose that damaged mitochondria amount
increase is responsible for that. In contrast, glial
cells demonstrated a tendency to activation even
four hours after OGD, both in CA1 and CA3 areas
(3,5+0,2 and 3,8+0,2 respectively). That lets us
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Fig. 1 Level of mitochondrial activity of pyramidal neurons (A) and glial cells (B) of CA1 and CA3 hippocampal areas

to conclude that in our experimental conditions
the glial cells are significant activated.

Thus, it was shown the differences of
mitochondrial dynamics in hippocampal pyra-
midal neurons and glial cells after OGD.
Mitochondrial activity of pyramidal neurons
was increased during first hour and decreased
after four hours of reoxygenation. Glial cells
demonstrated continuing increase in their
mitochondrial activity with time (one and four
hours after reoxygenation). This is evidence of
the specific features of the energy metabolism
in the pyramidal and glial cells as well as the
greater sensitivity and vulnerabilities of neurons
in oxygen-glucose deficiency.
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MITOXOH/JPIAJIBHA TUHAMIKA ITPHA
KACHEBO-IVIFOKO3HIM JIEITPUBAILIIL HA
MOJEJII KYJIbBTUBOBAHUX 3PI31B
I'ITOKAMITA

[memiuHe ypakeHHs MO3KY € OJIHI€IO 13 HAWYaCTIIINX MPUIUH
HepBOBHX matoioriid. [li 3axBoproBaHHs 00yYMOBJIEHI TIOpY-
IICHHSIMH KHCHEBOTO Ta IIIFOKO3HOTO IIOCTA4yaHHs Ha KIIITHH-
HOMY PiBHI, 10 IPU3BOANTH IO Ma {iHHS PiBHSI €HEPreTHIHOTO
MeTaboi3My i, SIK pe3yJbTar, 10 Heiiporereneparii. Kirowo-
BUMH KJIITHHHUMH OpTaHeJIaMHy, sIKi 3a0e311eTy0Th FTOMeocTas
KIITHH € MITOXOHJpIi. 3 METO JOCIHIJKCHHS JHHAMIKH
€HEePreTHIHOro MeTabol1i3My B yMOBaX PO3BUTKY IIIEMIYHOTO
YIIKO/DKEHHsI, HAMH OyJI0 TIPOBEJICHO CEepir0 eKCIIePHMEHTIB,
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CIpSIMOBAHUX Ha BUABJICHHS 0COONMMBOCTEH (PyHKITIOHYBaHHS
MITOXOHIPiH micnsa 30-XB KHCHEBO-TIIOKO3HOI AempuBaii
(K['A) Ta HOpMOKCHYHOI peokcureHanii 1 Ta 4 ToquHMA Ha
MOJIETI KyJTbTHBOBAHHUX 3pi3iB TiMOKaMIa. [3 BUKOpHUCTaHHIM
¢myopecuentHoro 6apsHuka (MitoTracker Orange), Oymo
MPOBECHO TOPIBHSUIBHUI aHaJi3 aKTHBALil MITOXOHIPIH Y
mipaMiHUX HelpoHax Ta mmianeHuX KiaitnHax CAl ta CA3
30H rinokamma. Panimie Oyio mokasaHo, 0 IIHaIbHi KITITHHA
OLIBII PE3UCTEHTHI A0 IMIEMIYHOTO Ypa)KeHHS, HI’K HEHPOHH.
BcTaHOBIIEHO, 1110, B HALMX EKCHEPUMEHTAILHUX YMOBAX,
JUIS TIIPaMiIHUX HEHPOHIB Ta MIialbHUX KIITHH XapakTepHa
pi3Ha TMHAMiKa MiTOXOHpiaIbHOT aKTUBHOCTI. B mipamigaux
HEMPOHAX rioKaMIIa CIIOCTEPIrasocs MiIBUIICHHS aKTHBHOC-
Ti MITOXOHIpil yepe3 oaHy roauHy micis K| Ta 3HmKeHHs
Yyepe3 YOTHUPU TOAWHU. Y IIaJbHUX KIITHHAX aKTHBHICTDH
MITOXOHAPIN MiJBHIIYBajacs Ha MPOTA3i BCHOTO MEPIOIy
cnocrepekers. Lle Bkasye Ha MeBHY aKTHBAIiIO MipaMiTHUX
HelpoHiB y Biamoias Ha K, sika oqHade He MOXKE MiATPH-
MYyBaTUCh J0Bruif yac. i niiajdbHUX KITITHH XapaKTepHUM
€ O1IBII TPHBAJIE MiIBUIICHHS MITOXOHPiaIbHOT AKTUBHOCTI.
TaxkuM 94MHOM, MOYKHA TIPHUITY CTUTH, IO OUTBII CTIiHKI 10 irIe-
MIYHOTO BIUTUBY IJTiaJIbHi KITITHHH, 3aJTMIIAIOTHCS 30aTHUMH, B
TIEeBHII Mipi, MOAYIIOBaTH (PyHKIIii HEHPOHIB 32 YMOB HECTadi
KHCHIO Ta TTFOKO3H.

Knro4oBi cioBa: MiTOXOHIpiabHA aKTUBHICTb, (ITYOPECIIEHT-
HHI 30H/1, KHCHEBO-IVIIOKO3HA ACTPUBALList

Maueesa I. B., Jlymuukosa U. B., Ckuoo I. I.

MHUTOXOAPUAJIBHASA TUHAMUKA ITPU
KHACJIOPOJHO-TJTIOKO3HOM JIEITPUBALINN
HA MOJEJIA KYJIbTUBUPOBAHHBIX
CPE30B I'HITIOKAMITA

Nimemmueckoe mopaxeHHe MO3ra SBISETCS OTHON U3 Haubo-
Jiee 4acThIX MPUYNH HEPBHBIX MaTonoruii. Tu 3a00meBanus
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00yCJIOBJICHbI HAPYILCHUSIMUA KHCIOPOAHOTO U TIIFOKO3HOTO
obecrieyeHuss Ha KJICTOYHOM YPOBHE, KOTOpPbIC NMPHUBOAST
K HaJCHUIO YPOBHS DHEPreTHYeCKOro Meraboiamu3Ma M, Kak
pe3yIibTat, K Helipoaereneparyu. KitroueBbIMu opraHesiamu,
o0ecIeYrBaOIIMH TOMEOCTa3 KIICTOK, SIBIISIFOTCSI MUTOXOH-
npun. C Lenbio UCCIIe0BaHMs THHAMUKY SHEPreTHYECKOTO
MeTaboIM3Ma B YCIOBHSIX MIIEMHYECKOT0 OBPEKIACHHUS, HAMH
Obl1a IIPOBEJICHA CepHsl SKCIIEPUMEHTOB, HAIIPABICHHBIX Ha
BBUIBIICHHE OCOOCHHOCTEH (DyHKIIMOHNPOBAHHSI MUTOXOHIPHIA
nocie 30-muH Kucnopoa-nitoko3Hoi nenpusanuu (KI/1) n
HOPMOKCHYECKOH peOKCUreHaluu B TeueHue 1 u 4 yacoB Ha
MOJECJIN KYJIbTUBUPYEMBIX KJIETOK I'MIITIOKaMIIa. C ucronn3o-
BaHueM QuryopecuentHoro 3ou1a (MitoTracker Orange), ObL1
IPOBEACH CpaBHHTeHbelﬁ AHaJIN3 aKTHBaLlUU MI/ITOXOHlel/Iﬁ
B MUpaMUHBIX HelipoHax U kinerkax miuu CAl u CA3 30H
rumnmokamia. Panee 6])1.]'10 IIOKa3aHO, 4YTO ITIMAJIbHBIC KJIICTKH
0oJiee PE3UCTEHTHBI K HIIEMHUYECKOMY MOBPEKACHHIO, YeM
HeﬁpOHbl. yCTaHOBJ'leHO, 4TO, B HAIUX DKCIICPUMEHTAJIbHBIX
YCIIOBUAX, MJIs MUPpAMUHBIX HeﬁpOHOB H INTHAJIBHBIX KJICTOK
XapaxkTepHa pa3iinyHas IMHAMHUKa MUTOXOHIPUAIbHOM aKTHB-
HOCTH. B mupamMuaHbIX HeHpoHax rumnmnokaMna HabIoAaI0Cch
yBEJIMYECHHE aKTHUBHOCTH MHUTOXOHIPUH depe3 OIUH yac
nocine KI'Jl u cHuwkeHue uepes ueThIpe yaca. B mimanbHbIX
KJICTKaX aKTUBHOCTb MHTOXOH}lpI/lﬁ MOBhBIIIAJIACH B TCUHCHHC
BCErO INepro/ia HaOIoAeHHs. DTO YKa3bIBAaeT Ha ONPE/IeNICH-
HYIO aKTHBAILlMI0 MUTOXOHAPHH NMUpaMHUIHBIX HEHPOHOB B
oteet Ha KI'/l, koTopas, olHaKO, HE MOXET MOICPKUBATHCSI
JJIATEJIbHOC BPEMA. I[.]'IS[ [NIMAJIBHBIX KJIETOK XapaKTCPHbLIM
SABIISACTCA 60.]'[66 JUINTCIIBHOC ITOBBIICHUE MI/ITOXOH}lpI/IaJTbHoﬁ
aKTUBHOCTU. TakuM 00pa3oM, MOXKHO HPENOJI0KHUTh, YTO,
Oosiee CTOMKHE K UIIEMHYECKOMY BO3JICHCTBHIO IVIHAIIBHbIC
KJIETKH, OCTAIOTCA CIOCOOHBIMH, B ONPEICICHHONH Mepe,
MOJYJIUPOBaTh (YHKI[MH HEHPOHOB B YCIIOBHUSX HEIOCTATKa
KHUCJIOPOZIA U TIIFOKO3BI.

KitroueBble c10Ba: MUTOXOHIPHAIbHASI aKTHBHOCTS, (hiryopec-
LICHTHBII 30H]1, KUCIOPO-ITIIOKO3HAs ACIPUBALIUL
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