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The effect of neuraminidase blocker on gabazine-induced
seizures in rat hippocampus

Concentration of neuraminidase (NEU), an enzyme which cleaves negatively charged sialic acids
from carbohydrate moieties of the cellular memabrane, could vary depending on physiological
conditions. Multiple evidences suggest that fluctuations of NEU extracellular concentrations can
influence neuronal activity. In the present study we examined the effect of down regulation of endog-
enous NEU activity on seizure-like activity (SLA) induced by gabazine (specific blocker of inhibi-
tory synaptic transmission) in the hippocampal CA1 pyramidal region of cultured slices. We show
that in slices pretreated with the blocker of endogenous NEU, N-acetyl-2,3-dehydro-2-
deoxyneuraminic acid (NADNA), duration of synchronous oscillations induced by gabazine was
considerably increased comparatively to control untreated slices. This study adds further information
that changes in the level of NEU activity is an important factor, which can affect neuronal network
excitability.
Keywords: polysialic acid, neuraminidase blocker, seizure, gabazine, hippocampus.

INTRODUCTION

Polysialic acid, a large cell-surface negative-
ly charged carbohydrate, regulates manifold
physiological functions including cell migra-
tion, axon outgrowth, neurogenesis, synapto-
genesis and neuronal excitability [7,10,16]. A
key enzyme, which regulates the level of sialic
acid in the cell outer membrane, is endoge-
nous NEU [14, 15]. Concentration of NEU in
the brain could vary in dependence on physi-
ological conditions [2] and many studies sug-
gest that increasing in the level of the extra-
cellular concentrations of NEU can affect cell-
to-cell interactions, synaptogenesis and influ-
ence neuronal activity [7,13,17]. However,
there is a lack of studies devoted to investi-
gation of the effect of endogenous NEU defi-
ciency on the cellular and neuronal network
activity. In our recent study we showed that
seizures induced by infusion of the high-po-
tassium/low magnesium (High-K+/low Mg2+)
artificial cerebrospinal fluid (ACSF) into hip-
pocampus were significantly longer and sei-
zure threshold was decreased in rats pretreat-

ed by the NEU blocker [7]. A major goal of
the present study was to determine how over-
sialylation following blockade of endogenous
NEU affected the hippocampal  seizures
evoked by gabazine, a specific GABA

A
 recep-

tor inhibitor. The mechanism of seizure induc-
tion in gabazine model of seizures is based on
the blockage of synaptic inhibition. The etiol-
ogy of temporal lobe epilepsy is closely asso-
ciated with hippocampal changes in GABA

A

receptor expression and function [3,11,18,20].
In the present study we showed that in hip-
pocampal slices pretreated with specific NEU
blocker epileptiform activity induced by block-
ade GABAergic transmission was consider-
ably exacerbated.

METHODS

All procedures used in this study were ap-
proved by the Animal Care Committee of
Bogomoletz Institute of Physiology.

Slice cultures were prepared using the
method of Stoppini et al. [12,19]. Briefly,
Wistar rat pups were anesthetized and decapi-
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tated at postnatal day 7. The brains were
removed and hippocampi were cut into 350
µm transverse sections using a McIlwain tis-
sue chopper. Slices were then transferred to
sterile porous membrane inserts (Millicell,
Bedford, MA, USA), which were placed in a
6-well plate containing 1 ml culture medium/
well (50% of MEM, 25% horse serum (HS),
25% HBSS, 5 mM Tris, 2 mM NaHCO

3
, 12,5 mM

HEPES, 15mM glucose, 100 U/ml penicillin
and 100 µg/ml streptomycin, pH 7.2) and
cultivated at +35oC at air atmosphere with 5%
CO

2
. The culture medium was changed the

next day after preparation of the slices and
then twice a week. All experiments with or-
ganotypic hippocampal slice cultures were
per fo rmed  a t  14-21  days  in  v i t ro .  For
recordings, slices were transferred to a sub-
mersion-type chamber mounted to the micro-
scope (Olympus BX50WI, Japan) and super-
fused with the oxygenated ACSF of the fol-
lowing composition in (mM): NaCl 126, KCl
3.5,  CaCl

2
 2 .0 ,  MgCl

2
 1 .3 ,  NaHCO

3
 25,

NaH
2
PO

4
 1.2 and glucose 11. Extracellular

field potentials were recorded from hippoc-
ampal CA1 pyramidal layer using borosilicate
glass pippetes fi l led with ACSF. Pipette
resistance was 1-3 M¿. Recordings were per-
formed using AC differential amplifier (A-M

Systems, Carlsborg, WA, USA) (bandpass
0.1 Hz1 kHz; 100) and digitized at 10 kHz
online with an analogue-to-digital converter
(NI PCI-6221, National Instruments, Austin,
TX, USA) and stored on a computer using
WinWCP program (Strathclyde Electrophysi-
ology Software, University of Strathclyde,
Glasgow,  UK).  Off- l ine  analys is  of  the
recordings was performed using Clampfit
(Axon Instruments, Sunnyvale, CA, USA) and
Origin 7.0 (Microcal Software, Northampton,
MA, USA).

RESULTS AND DISSCUSION

Field potential recordings were performed
from hippocampal CA1 pyramidal layer in orga-
notypic slice culture. Bath application of 10 µM
of gabazine led to the increase of neuronal
activity following spontaneous interictal-like
discharges in all control slices (Fig 1). To ex-
amine the effect of downregulation of the
endogenous NEU activity cultured hippocam-
pal  s l ices  were incubated with NADNA
(2mM) during 2 hours. SLA was induced in
all 10 slices pretreated with NADNA (Fig 1).
This activity persisted as long as gabazine was
kept in extracellular solution in control as well
as in NADNA pretreated slices.  The fre-

Fig.1. Effect of NEU activity suppression on gabazine-induced SLA in cultured hippocampal slices. Extracellular field
potential recordings from CA1 pyramidal cell layer in the presence of 10µM gabazine in control (upper panel) and
NADNA pretreated (lower panel) slices. Spontaneous discharges marked with squares shown in expanded scales in the
right panel
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quency of synchronous discharges during SLA
for both control and NADNA-pretreated slices
was 0,03± 0,01 Hz (Fig 2a). However the
duration of synchronous oscillations was sig-
nificantly increased in NADNA pretreated
slices comparatively to controls (2,1 ± 0,3 s
in control vs  3,8 ± 0,7 s in NADNA pretreat-
ed slices; p< 0.05, Fig 2b). These data are in
agreement with our previous report when
blockade of endogenous NEU significantly
reduced seizure threshold and aggravated hip-
pocampal seizures induced by infusion of
High-K+/low Mg2+ solution in vivo [7]. Previ-
ous studies have shown that pretreatment of
slice with NEU significantly altered kinetic
properties of the voltage-gated sodium chan-
nels [1,7,15]. The authors connected this phe-
nomenon with a presence of the negatively
charged sialic acid residues on the extracel-
lular surface region of the channel [6,9]. The
charge created by these carbohydrates con-
stantly influences the gating apparatus of the
channel. Pretreatment with NEU removes sial-
ic acid residues from the extracellular mem-
brane and as a result shifts channel activa-
tion curve to the depolarized direction [7,15].
Further support of the idea that sialic acids
contribute to the voltage dependence of sodi-
um channel gating was obtained using recom-
binant deletion of likely glycosylation sites

from the sodium channel sequence [1]. The
deletion of the channels glycosylation sites
resulted in mutant channels that gated at volt-
ages up to 10 mV more positive than wild-
type channels. In our previous study pretrea-
ment with NEU led to increase in the action
potential threshold following decreasing of
neuronal activity [7]. The blockade of the
endogenous NEU in our present study has an
opposite effect on the neuronal network ac-
tivity. It was demonstrated that seizure inten-
sity in a kindling model of epilepsy were not
altered when NADNA was administered con-
currently with NEU. So there is no direct pro-
convulsant effect of NADNA on SLA [7]. We
proposed that NEU deficiency lead to accu-
mulation of sialic acid in extracellular region
and as a result increases open probability of
the sodium channels which leads to enhance-
ment of the neuronal excitability. Recent stud-
ies strongly support this assumption. It was
shown that NEU inhibitors induced paired-
pulse facilitation in population spikes without
changes in excitatory postsynaptic potentials
in the CA1 region of hippocampal slices and
enhanced synchronization in rat hippocampal
CA3 networks [8,21]. Also the fact that in-
herited diseases (sialidosis, galactosialidosis,
Salla disease etc.) concerned with defective
or deficient metabolism of endogenous NEU

Fig.2. Effects of NADNA pretreatment on different characteristics of gabazine-induced SLA in CA1 pyramidal layer.
Summary plots show the PS frequency (A) and duration (B) during the epileptiform discharges in control (white) and
NADNA pretreated (grey) slices. All values are mean ± SEM, *P < 0.05 versus control. N designates the total number of
slices in each experimental group
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and sialic acid are often accompanied with
epilepsy, exemplifies a substantial role of the
level of sialylation in regulation of neuronal
activity [4,5,22]. Present study adds further
evidence that modulation of NEU activity ren-
ders a substantial influence on neuronal net-
work excitability.
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ÅÔÅÊÒ ÁËÎÊÀÒÎÐÀ ÍÅÉÐÀÌ²Í²ÄÀÇÈ ÍÀ
ÂÈÊËÈÊÀÍ² ÃÀÁÀÇÈÍÎÌ ÍÀÏÀÄÈ Â Ã²ÏÎ-
ÊÀÌÏ² ÙÓÐ²Â

Êîíöåíòðàö³ÿ íåéðàì³í³äàçè � ôåðìåíòó, ÿêèé â³äîêðåìëþº
íåãàòèâíî çàðÿäæåí³ ñ³àëîâ³ êèñëîòè â³ä âóãëåâîä³â
êë³òèííî¿ ìåìáðàíè, ìîæå çì³íþâàòèñÿ çàëåæíî â³ä
ô³ç³îëîã³÷íèõ óìîâ. ×èñëåíí³ â³äîìîñò³ ñâ³ä÷àòü ïðî òå,
ùî ôëóêòóàö³¿ ïîçàêë³òèííî¿ êîíöåíòðàö³¿ íåéðàì³í³äàçè
ìîæóòü âïëèâàòè íà íåðâîâó àêòèâí³ñòü. Ìè äîñë³äæóâàëè
åôåêò çìåíøåííÿ àêòèâíîñò³ åíäîãåííî¿ íåéðàì³í³äàçè íà
åï³ëåïòè÷íó àêòèâí³ñòü, âèêëèêàíó ãàáàçèíîì (ñïåöèô³÷íèì
áëîêàòîðîì ñèíàïòè÷íîãî ãàëüìóâàííÿ) ó ï³ðàì³äàëüíîìó
øàð³ çîíè ÑÀ1 ã³ïîêàìïà êóëüòèâîâàíèõ çð³ç³â. Ìè
ïîêàçàëè, ùî ó çð³çàõ, îáðîáëåíèõ áëîêàòîðîì åíäîãåííî¿
íåéðàì³í³äàçè N-àöåòèë-2,3-äåã³äðî-2-äåîêñèíåéðàì³íîâîþ
êèñëîòîþ, òðèâàë³ñòü ñèíõðîííèõ îñöèëÿö³é, âèêëèêàíèõ
ãàáàçèíîì, áóëà çíà÷íî çá³ëüøåíà ïîð³âíÿíî ç êîíòðîëü-
íèìè íåîáðîáëåíèìè çð³çàìè. Íàøå äîñë³äæåííÿ äîïîâíþº
òà ðîçøèðþº äàí³ ïðî òå, ùî çì³íà àêòèâíîñò³ íåéðàì³í³äàçè
º âàæëèâèì ôàêòîðîì, ÿêèé ìîæå âïëèâàòè íà íåðâîâó
çáóäëèâ³ñòü.
Êëþ÷îâ³ ñëîâà: ïîë³ñ³àëîâà êèñëîòà, áëîêàòîð íåéðà-
ì³í³äàçè, ãàáàç³í, ã³ïîêàìï.
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ÝÔÔÅÊÒ ÁËÎÊÀÒÎÐÀ ÍÅÉÐÀÌÈÍÈÄÀÇÛ ÍÀ
ÂÛÇÂÀÍÍÛÅ ÃÀÁÀÇÈÍÎÌ ÏÐÈÏÀÄÊÈ Â
ÃÈÏÎÊÀÌÏÅ ÊÐÛÑ

Êîíöåíòðàöèÿ íåéðàìèíèäàçû � ôåðìåíòà, êîòîðûé
îòäåëÿåò íåãàòèâíî çàðÿæåííûå ñèàëîâûå êèñëîòû îò
óãëåâîäîâ êëåòî÷íîé ìåìáðàíû, ìîæåò èçìåíÿòüñÿ â
çàâèñèìîñòè îò ôèçèîëîãè÷åñêèõ óñëîâèé. Ìíîãî-
÷èñëåííûå äàííûå ñâèäåòåëüñòâóþò î òîì, ÷òî ôëóêòóàöèè
âíåêëåòî÷íîé êîíöåíòðàöèè íåéðàìèíèäàçû ìîãóò âëèÿòü
íà íåðâíóþ àêòèâíîñòü. Â ýòîé ðàáîòå ìû èññëåäîâàëè
ýôôåêò óìåíüøåíèÿ àêòèâíîñòè ýíäîãåííîé íåéðàìèíèäàçû
íà ýïèëåïòè÷åñêóþ àêòèâíîñòü, âûçâàííóþ ãàáàçèíîì

(ñïåöèôè÷åñêèì áëîêàòîðîì ñèíàïòè÷åñêîãî òîðìîæåíèÿ)
â ïèðàìèäíîì ñëîå çîíû ÑÀ1 ãèïïîêàìïà êóëüòè-
âèðîâàííûõ ñðåçîâ. Ìû ïîêàçàëè, ÷òî â ñðåçàõ, îáðàáî-
òàííûõ áëîêàòîðîì ýíäîãåííîé íåéðàìèíèäàçû N-Àöåòèë-
2,3-äåãèäðî-2-äåîêñèíåéðàìèíîâîé êèñëîòîé, äëè-
òåëüíîñòü ñèíõðîííûõ îñöèëëÿöèé, âûçâàííûõ ãàáàçèíîì,
çíà÷èòåëüíî óâåëè÷èâàëàñü  ïî ñðàâíåíèþ ñ êîíòðîëüíûìè
íåîáðàáîòàííûìè ñðåçàìè. Íàñòîÿùàÿ ðàáîòà äîïîëíÿåò è
ðàñøèðÿåò ñâåäåíèÿ î òîì, ÷òî èçìåíåíèå àêòèâíîñòè
íåéðàìèíèäàçû ÿâëÿåòñÿ âàæíûì ôàêòîðîì, êîòîðûé
ìîæåò âëèÿòü íà íåðâíóþ âîçáóäèìîñòü.
Êëþ÷åâûå ñëîâà: ïîëèñèàëîâàÿ êèñëîòà, áëîêàòîð
íåéðàìèíèäàçû, ãàáàçèí, ãèïïîêàìï.
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