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Effect of altered extracellular magnesium concentration

on the neuronal activity in different hippocampal
regions of immature rats
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Using acute hippocampal slice preparation dissected from immature rats, we investigated the effect of
lowering Mg?* concentration in the extracellular solution on the probability to evoke epileptiform activity
in different regions of hippocampus. Electrophysiological recordings revealed different patterns of such
activity in hippocampal CAl region. In agreement with studies on the adult rat hippocampus probability
to induce epileptiform activity by means of lowering Mg*" concentration was increased in the ventral part
of hippocampus (VH) compared to dorsal part (DH). We also found a significant increase in probability
to induce ictal-like activity (ILE) in both hippocampal regions compared to results obtained in adult rats
with a higher rate of ILE incidence in VH (90 %) compared to DH (50 %). Our experiments with cuts of
hippocampal fiber pathways showed that in VH, ILE originated in CAI region and propagated to CA3
region and dentate gyrus, while interictal-like activity originated in CA3 region. Possible mechanisms of
the region specificity of the development of epileptiform activity in the immature hippocampus discussed.
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INTRODUCTION

Temporal lobe epilepsy (TLE) is the most
common type of partial epilepsy [1]. TLE is
associated with a high mortality rate and various
psychiatric and behavioral comorbidities [2].
The histopathological studies suggest that
different temporal lobe regions, including the
hippocampus, are frequently damaged in human
drug-refractory TLE [3]. It was shown that the
surgical removal of hippocampus results in a
decrease or complete cessation of seizures [3].
These data reveal a crucial role of this structure
in pathophysiology of TLE. So understanding
the mechanisms of generation and propagation
of seizure activity in the hippocampus is of key
importance in the antiepileptic drug discovery.

Although in the majority of epilepsy research
studies the hippocampus is regarded as a
unitary structure, there are a lot of evidences
suggesting that separate parts of hippocampus
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have substantial difference in molecular, cellular
and histological organization and, as a result,
play distinctive functional roles [4]. Regional
differences in susceptibility to seizure genera-
tion as well as sensitivity to seizure-induced
damage was also reported when studied in the
adult animals [5—7]. It was shown that ventral
hippocampus (VH) is more vulnerable to the
abnormal synchronization and dorsal part of
hippocampus (DH) is more resistant to seizure-
induced injury and neuronal death than VH
[5,6,8,9]. The difference in seizure susceptibility
of DH and VH could be at least partly explained
by the difference in the receptor expression in
different parts of hippocampus [8,10].

It is well established that the immature
brain is more susceptible to seizures compared
to the adult brain. Among the factors, which
may contribute to the increased vulnerability
of immature brain to seizure generation, are
developmental changes in the expression and
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molecular composition of glutamate receptors
and maturation of functional properties of
GABA, receptors. We hypothesized that
neuronal network excitability in VH and DH
in the immature brain may differ from that
one reported in the mature brain. To test this
hypothesis in the present study we examined
the regional differences in susceptibility to
seizure generation between the VH and DH of
immature rats. Using an acute hippocampal slice
preparation dissected from rats at postnatal ages
12-14, we investigated the effect of lowering
Mg?* concentrations in the extracellular solution
on the probability to evoke seizure-like activity,
its delay time and patterns of discharges in
different parts of hippocampus.

METHODS

All experimental procedures were performed
in accordance with the guidelines set by the
National Institute of Health for the humane
treatment of laboratory animals and approved
by the Animal Care Committees of Bogomoletz
Institute of Physiology. Wistar rats (postnatal
day 12-14) were deeply anesthetized using
sevoflurane, decapitated, and both hippocampi
were dissected out from the brain immersed
in cold (2-4°C) carboxygenated (95% O, and
5% CO,) artificial cerebrospinal fluid (ACSF)
of the following composition (mmol/l): NaCl
125, KC1 3.5, CaCl, 2.0, MgCl, 1.3, NaHCO,
24, NaH,PO, 1.25 and glucose 11 (pH 7.35).
Hippocampal slices (400 pm) were prepared
using a vibroslicer and then held submerged in
oxygenated ACSF at room temperature (22-24°
C) for at least 1.5 hours before the transfer to
the recording chamber.

For experiments the 29 to 4t slices from
dorsal and ventral ends of hippocampus (DH
and VH) were used. Slices were placed in the
recording chamber and perfused with oxygena-
ted ACSF (2 ml/min, 30°C). All experiments
were started 10-15 min after transferring slices
into recording chamber to allow equilibration
of the temperature inside the slice. Extracellular
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field potential recordings were obtained from
pyramidal CA1, CA3 regions and dentate gyrus
(DG) using glass microelectrodes filled with
ACSF (1-2 MQ). The signals were filtered
between 0.1 Hz and 1 kHz using differential
amplifier (A-M Systems 1700, Sequim, WA,
USA). Epileptiform activity (EA) was induced
by application of modified ACSF of the
following composition (mmol/I): NaCl 125, KCl
3.5, CaCl, 2.0, NaHCO, 24, NaH,PO, 1.25 and
glucose 11 (pH 7.35) (Mg**-free solution). We
did not observed EA in any slices before the
application of pro-epileptic solution.

Data were analyzed using Origin 7.5 (Mic-
rocal Software, Northampton, MA, USA) soft-
ware. The proportion of slices with and without
EA was compared using the Fisher’s exact test.
The difference between means was compared
using Student’s t-test.

RESULTS AND DISCUSSION

Perfusion of hippocampal slices with Mg?*
-free solution evoke EA. Field potential
recordings from hippocampal CA1 layer were
used to compare EA from DH and VH slices.
Two patterns of EA induced by Mg?" -free
solution were observed in both DH and VH
slices: ictal-like events (ILE) and interictal-like
epileptiform discharges (IED) (Fig. 1A, B). IED
had spontaneous nature with changing frequency
throughout the application of Mg?* -free solution
(data not shown). ILE were characterized by
the similar frequency and time between bursts
in precise slice (data not shown). Extracellular
recordings showed that 65 % of VH (n = 20)
slices generated EA under Mg?" -free conditions,
compared to 28.6 % of DH (n = 21) slices
(P =0.05, Fig. 1C). Data obtained for the VH
slices showed a higher rate of ILE incidence
(90 %) compared to 50 % in DH slices while no
regional difference was observed in occurrence
of IED (60 % in VH slices vs 66.7 % in DH
slices, Fig. 1D).

The onset of EA in VH (10 = 4 min) was
faster than in DH (23 + 10 min) (P < 0.01).
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Restoring normal ACSF after one hour of
exposure of slices to Mg?" -free solution resulted
in the complete suppression of EA in all DH and
VH slices. Ictal activity had a varying frequency
between slices from 4 to 10 Hz and ictal bursts
occurred every 2-10 min with no difference
between recordings from DH and VH slices.
IED occurred with a low frequency from 0.01
to 0.09 Hz no difference were observed in both
hippocampal regions.

Considering a higher probability of VH to
generate ILE, we performed a series of fiber
pathways cuts in VH to understand better an
origin of ictal-like activity in CAl region of
hippocampus (Fig. 2). ILE was evoked by ap-
plication of low Mg?* solution in the intact VH
slice and recording was made simultaneously

L A

from CA1, CA3 and DG regions (Fig. 2A). After
first cut through Shaffer collaterals original ILE
disappeared in all regions and new patterns of
activity developed: ILE in CA1 and IED in CA3
regions (Fig. 2B). DG expressed both patterns
of activity simultaneously with CA1 and CA3.
Isolated CA1 continued to generate the same
pattern of ILE (Fig. 2C). Frequency of ILE in
CALl region changed slightly from 5 to 4 Hz
after the first cut while average time between
bursts (6 min) remained unchanged. Cut through
mossy fibers revealed that separated DG did not
generate EA in a response to the application of
low Mg?* solution (Fig. 2D). These data indicate
that in VH, ILE originates in CAl region and
propagates to CA3 and DG, where it seems to
have a suppressive action on IED. IED origina-
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Fig. 1. Epileptiform activity (EA) induced by Mg?*-free solution in VH and DH slices. Example of evoked interictal epileptiform
discharges (IED) in VH slice (A) and ictal-like events (ILE) generated in DH slice (B) with parts of traces on an expanded time
scale. C. Probability of EA induction in VH (1) and DH (2). D. Proportion of ILE (black) and IED (grey) evoked in VH and DH.
Number of slices used for experiments are indicated above the each column
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tes in CA3 region and invades to DG.
Although regional specificity of hippocam-
pal formation to generate EA has been studied
extensively, surprisingly little is known about
seizure susceptibility of different regions of
hippocampus in the immature rats. Our data

A

show that the VH is more vulnerable to seizure
generation compared to its dorsal counterpart in
immature animals. These data are in agreement
with previous studies conducted on the adult
animals [7]. In our study the propensity to
generate ILE in both hippocampal regions of
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Fig. 2. Effects of fiber pathways cuts in VH on the propagation of ILE. The top panel shows simultaneous extracellular recordings
from hippocampal CA1, CA3 and DG regions with arrows specifying of cut locations. Representative recording of ILE induced
by Mg?" -free solution in the intact hippocampal slice (A) and in the slice with a cut through the Schaffer collaterals (B). Note
that in the latter case ILE occured in CA1 while EA of CA3 was changed to IED. At the same time, DG expressed both activities
together. C. When CA1 area had been severed from the rest of the slice, IED remained coupled with CA3 region and DG. D.

The separated DG area did not generate any EA
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immature animals was higher compared to
one previously obtained for adult rats [7]. Also
VH demonstrate a higher rate of ILE incidence
compared to DH. To induce EA in our study
we used a low Mg?* solution. Lowering Mg?*
in an extracellular solution has been shown to
create a hyperexcitable environment conducive
for seizure generation by decreasing membrane
surface charge screening, lowering Mg?*-
sensitive Ca?" channel block, and decreasing
the Mg?" blockade of N-methyl-D-aspartate
(NMDA) receptors [11-13]. Although, lower
levels of mRNA and protein expression for
NR2A, NR2B subunits was reported in CAl
region of VH, compare to CAl region of DH
[10], it was suggested that in the low Mg?"
model of ictogenesis the contribution of NMDA
receptors was greater in VH than in DH in adults
rats [5]. This discrepancy could be at least partly
explained by the difference in the ratio of NMDA
receptor subunits NR2A and NR2B in VH and
DH [10], with NR2A subunit prevailing in the
DH. The decreased ratio of NR2A/NR2B in VH
compared to DH implies the prolongation of the
decay time of the NMDAR-mediated synaptic
current and a weaker sensitivity of the NMDA
receptor channel to Mg?* [14]. It is known that
in the immature brain, a ratio of NR2A/NR2B
in hippocampal neurons is increased compared
to one in adult rats [14]. We suggest that
developmental changes in the NMDA receptors
subunit composition can at least partly explain
the increased probability to ILE induction in the
immature hippocampus. Increased expression of
AMPA receptor and underdeveloped inhibitory
synaptic system in the immature brain could be
among other contributing factors [15].
Previous studies indicate that the origin of
seizure-like activity onset may depend on the
postnatal age [16]. Our experiments reveal
that both CA1 and CA3 regions in VH are able
to produce the EA in response to the Mg**-
free solution. In the intact slice ILE occurs
simultaneously in both CA1 and CA3 regions.
However, our experiments with cuts of fiber
pathways show that, when separated, CAl
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and CA3 regions express different patterns
of activity. ILE originates in CA1 region and
propagates to CA3 and DG, while IED originates
in CA3 region and invade to DG. Using Mg?*-
free model of seizure-like activity in 22-32 days
old rats Lewis et al. [17] have obtained very
similar results. They showed that low Mg?>*-
induced interictal-like activity originates in
an area CA2-3 and propagates to area CAl,
and CAl did not generate the interictal-like
activity when isolated from CA2-3, but produced
ILE more readily than CA2-3 [17]. A cellular
mechanism of development of ictal-like activity
in CA1 region is not completely understood.
It has been recently reported that different
forms of Mg?*-free induced EA in CA1 region
of hippocampus have a different sensitivity to
NMDA receptor antagonists [18]. ILE can be
blocked by application of D-APV. In contrast,
NMDA antagonist does not affect interictal
activity (late recurrent interictal discharges)
[18]. Also it has been reported that there is a
greater expression of NR2B in the CA1 region
compare to the CA3 or DG [20]. As NR2B
subunit has a greater affinity for glutamate, also
it is more selective to Ca®" entry, and has slower
desensitization than NR2A subunit [20], we
hypothesize that the increased expression of this
subunit of NMDA receptors in CA1 neurons, at
least partly, may contribute to the development
of ILE in this region of hippocampus.

A. Baacwk, A. Pomanos, /l. Icaes, O. IcaeBa

BIIJIUB 3MIH MMO3AKJIITUHHOI KOHIEH-
TPAILII MATHIIO HA HEHPOHHY AKTHUB-
HICTb Y PI3BHUX JAIJISTHKAX I'NIMTOKAMITA
MOJIOJUX II[YPIB

JlocamikyBaiu BIUTMB 3HUKEHHS KOHUeHTpanii Mg?'y
M03aKJIITHHHOMY PO34YMHI Ha HIMOBIpHICTG iHIIiamii eminen-
TH(HOPMHOI aKTUBHOCTI B PI3HUX 30HAX TillOKamIIa IIypa.
Enexrpodizionoriuni JOCHiIKEHHs MOKA3yIOTh Pi3HHH
xapakTep emnizentudopmunx sBuml B 30HI CAl rinokamma.
BiamnoBizHO 10 eKcIiepeMeHTaIbHIX PE3yNbTaTiB, OTPUMAHNX
Ha MO AOPOCIUX IypiB, Y AOCIIDKSHHSIX HAa MOJIOANX
IIypax BipOTiJHICTh BUHUKHEHHS eNienTU(OPMHOI aKTHUB-
HOCTI B BEHTpaJbHIH YacTHHI rimokaMma Oyia BHIIE, HIK
y popcanbHiil. Takox Oyno MOKa3aHO iCTOTHE IiJIBUIICHHS
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HMOBIpHOCTI iHIMIAIT IKTaTBbHOOMIOHOT aKTHBHOCTI B 000X
30HaX riloKamIia Mo/0 3Ha4eHb Y JOPOCIUX H1ypiB. [Ipu 1b-
OMY BIipOT'i/IHICTh BAHUKHEHHSI eMienTH(HOPMHOT aKTHBHOCTI
y BEHTpaJIbHUX 3pi3ax Oysia BUILE MTOPIBHSIHO 3 JOPCATIBHUMI
3pizamu Ha 40 %. Hamri ekcriepuMeHTH 3 pO3pi3aHHAM Mpo-
BIJIHUX [IUTSAX1B MIOKA3YIOTh, 110 IKTAILHOMOIi0HA aKTHBHICTh
y BEHTPaJbHUX 3pizax BUHUKAE B 30HI CAl i MOMIUPIOETHCS
B 300y CA3 i 3yOuacTy 3BHUBHHY, BOAHOYAC iHTEpiKTaIbHA
aKTHBHICTh Oepe mouatok B 30Hi CA3. MexaHi3mMu reHeparii
eninentudopMHO aKTUBHOCTI B Pi3HUX 30HAX rilokamia
MOJIOZINX ILIYPiB MOTPEOYIOTh MOAAIBIINX JTOCTIPKCHb.
KnrouoBi cioBa: eminentuopMHa aKTHBHICTb; JOpcayibHa i
BEHTpaJIbHA JIUITHKY TiIOKaMIIa; MOJIOJI LIypH.

Inemumym ¢izionozii in. O. O. bocomonvys Hayionanonoi
axademii nayk Yxpainu, Kuis

A. Baacwk, A. Pomanos, /I. Ucaes, E. UcaeBa

BJIUSIHUE U3MEHEHWUM BHEKJIETOY-
HOM KOHLIEHTPALIMM MAT'HUSI HA HEMPOH-
HYIO AKTUBHOCTbH B PAIMYHBIX YYACT-
KAX THIIITIOKAMIIA MOJIOJABIX KPBIC

HccnenoBanu BIMSIHUE CHUKEHUSI KOHIICHTPALUU I\/Ig2+
BO BHeKJ’leTO‘[HOI\ﬁ pacTBOpPE Ha BEPOATHOCTH MHHULIHUALIUN
enHﬂeﬂTOHOI{OGHOﬁ AKTUBHOCTU B PA3JIMYHBIX 30HAX T'UII-
HOKaMIIa KPBICHL. DJIEKTPODU3HOIOTHUSCKHIE UCCIICIOBAHUS
MOKa3bIBAIOT PA3JIMYHBIN XapakTep dMUICHTOGOPMHBIX
spneHuid B 30He CAl runmnokammna. CornacHo SKCIepUMeH-
TaJIbHBIM pesyanaTaM, l'[OJ'[y‘{eHHl)IM Ha MOAECJIU B3POCIIbIX
KPBIC, BEPOSITHOCTh BO3BHUKHOBEHHSI CIMJICIITONON00HOI
AKTUBHOCTHU B BeHTpaHbHOﬁ YaCcTHU TUIIIIOKaMIIa BBIIIC, YEM
B JopcasibHOM. Takke ObUIO MOKa3aHO CYIIECTBEHHOE MOBBI-
HICHUE BEPOSITHOCTH BO3HUKHOBEHHUS MKTAJIbHOIMOIOOHOM
AKTHBHOCTH B 00EHMX 30HAX THUIIIIOKAaMIIa MO CPAaBHEHHIO C
3HA4YCHUIMU, l'IOJ'Iy‘[eHH]:IMI/I Ha B3pOCJIbIX KpbICaX. le/l 3TOM
BEPOATHOCTb MHULIMALITUH eHHJ’IeHTOl’lOHO6HOﬁ AKTHBHOCTH B
BEHTPAJIBHBIX Cpe3ax OblLia BBIIIE OTHOCHTENIBHO JIOPCailb-
HBIX cpe3oB Ha 40%. Hamu skcriepuMeHTHI ¢ iepepe3aHueM
IPOBOASIIUX MyTeH MMOKAa3bIBAIOT, YTO MKTAJIBHONOL00HAS
AKTHUBHOCTb B BEHTPAJIbHBIX cpe3ax Bo3HUKaeT B CAl 30He
U pacrpocTpansercs B 30Hy CA3 u 3yOuaTyio U3BUIMHY, B
TO BpeMsI KaK MHTePHKTaJIbHAsI aKTHBHOCTh OEpeT Hayasio B
3one CA3. MexaHu3Mbl BOZHUKHOBEHUSI SIHICHTU(DOPMHON
AKTUBHOCTHU B pa3/IMYHbIX 30HaX I'IIIIOKaMIIa MOJIOAbIX KPbIC
TpeOyIOT AalbHEUIINX UCCIICIOBAHUN.

KrroueBbie cioBa: anmienTiudOpMHas aKTHBHOCTB; 10PCab-
HBIC U BEHTPAJIbHBIC OTJACIIbI I'UIIIIOKaMIIa; MOJIOABIC KPBICKI.
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