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Mecamylamine is a nonselective antagonist of nicotinic acetylcholine receptors that was developed as
an antihypertensive medication and is now being studied for its beneficial effects in several pathological
conditions, such as substance abuse, depression, anxiety and epilepsy. In this work, we investigate the effect
of mecamylamine on the manifestations of seizure-like activity evoked by perfusion of hippocampal slices
with low-Mg?* solution of artificial cerebrospinal fluid. Reducing Mg®* concentration in extracellular
solution induced two distinct types of epileptiform activity: recurring seizure-like activity and continuous
discharges. Application of mecamylamine significantly increased internal frequency of recurring seizure-
like activity and significantly decreased inter-event intervals between continuous discharges. We also show
that mecamylamine significantly decreased internal frequency of continuous epileptiform discharges. The
results of our work show that mecamylamine exerts modulatory effect on the low-Mg?* epileptiform activity
induced in hippocampal acute rat brain slices. Additionally, obtained results indicate the role of nicotinic
acetylcholine receptors in the modulation of hippocampal network activity, which might explain some of

the therapeutic effects of mecamylamine in CNS.
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INTRODUCTION

Nicotinic acetylcholine receptors (nAChRs) are
ionotropic receptors that respond to the neu-
rotransmitter acetylcholine and to drugs such
as nicotine. nAChRs are abundant in the central
and peripheral nervous system, muscle, and
many other tissues. Nicotinic acetylcholine re-
ceptors are well-studied ionotropic receptors and
their role in memory, learning, LTP are suppor-
ted by numerous studies [1-3]. However, the role
of nAChRs in generation of epileptic discharges
is less understood [4, 5]. Injections of nicotine
to mice and rats evoked seizures, which were
abolished by a subtype non-selective nAChRs
antagonist, mecamylamine, while methylly-
caconitine, a selective a7 nAChR antagonist,
significantly reduced seizures, and an o042
nAChR antagonist, dihydro-B-erythroidine, has
a weak effect [6]. In another research, MEC
was effective against the maximal electroshock

seizure test [7]. This was not found in kindled
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rats, in which nicotinic acetylcholine receptor
antagonists exerted less robust effects.
Mecamylamine (3-methylaminoisocam-
phane hydrochloride, MEC) is a nicotinic
ganglionic blocker, originally used to treat hy-
pertension. Because mecamylamine produces
several adverse effects at therapeutic concen-
trations, now MEC’s use as antihypertensive
agent is limited to severe cases. However, MEC
easily crosses the blood-brain barrier to reach
brain structures and inhibit all known nAChRs
subtypes at safe doses, 3-fold lower than those
used to treat hypertension, which diminishes the
probability of peripheral side-effects and enables
use of MEC for CNS disorders. Since nAChRs
play a pivotal role in many physiological and
pathological processes, MEC has been recently
proposed for its potential therapeutic effects in a
variety of pathological states of the CNS [8, 9].
The low-Mg?" model of epilepsy was de-
veloped several decades ago, and since that
time has been established as a model of chronic

11



Mecamylamine modulates epileptiform discharges in low-Mg?" model of epilepsy

epilepsy [10-13]. Low-Mg>" model of epilepsy
has clinical relevance as Mg?" deficits is known
to cause seizures in humans [14]. Intravenous
injections of Mg?" have an anticonvulsant effect
in animal models of epilepsy [15] and are used
to treat seizures in women with eclampsia [16].
The aim of present study was to investigate
effect of mecamylamine on seizure manifestations
evoked by removing of Mg?" from extracellular
space in CA3 zone of rat hippocampal slices.

METHODS

Animals. Wistar rat pups of postnatal day 12
(P12) were used throughout the study and treated
in accordance with the guidelines set by the
Animal Care Committee of Bogomoletz Institute
of Physiology of NAS of Ukraine.

Slice preparation. The method used in this
study for preparation of acute rat brain slices
was described previously [17]. Briefly, animals
were deeply anesthetized with sevoflurane and
decapitated. Brain was rapidly removed and
placed in ice-cold artificial cerebro-spinal fluid
(aCSF). Cerebellum and frontal lobe of the brain
were removed and transverse brain slices (500
um) were cut using a vibroslicer. The resulting
slices were then transferred to the incubation
chamber and left to recover at room temperature
for at least one hour before the experiment. All
manipulations were performed in constantly
oxygenated (95% O, — 5% CO,) aCSF of the
following composition (mmol/l): NaCl 1- 25,
KCl - 3.5, MgCl, - 1.3, CaCl, - 2, NaH,PO, —
1.25, NaHCO, - 24, glucose — 11, pH 7.35. All
drugs were obtained from “Sigma” (USA).

Extracellular recordings. Spontaneous field
potential recordings were obtained from CA3
pyramidal cell layers of rat hippocampus using
glass micropipettes (2-5 MQ) filled with aCSF.
For induction and recording of epileptiform
activity, the slices were transferred to a submer-
sion-type chamber and perfused with low-Mg?*
solution containing (mmol/l): NaCl —115, KCl
-5, CaCl,~1, NaH,PO,~-1.25, NaHCO, — 24,
glucose — 10, pH 7.4, (oxygenated with carbo-
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gen). Extracellular field potential recordings
were amplified with a differential amplifier,
digitized at 10 kHz using an analog-to-digital
converter and stored using WinWCP program.
All records were made at room temperature (24-
25°C). In this work data were obtained from 10
hippocampal slices, 6 rats. MgCl, was omitted
from the perfusion solution during induction of
epileptiform activity.

Data analysis. Analysis was performed using
Clampfit 10.2 (Axon Istruments) and Origin 8.5
(OriginLab Northampton, MA). For statistical
analysis Shapiro-Wilk test and Kolmogorov-
Smirnov test were used. All data are represented
as mean + standard deviation.

RESULTS AND DISCUSSION

Perfusion of hippocampal slices with low-Mg?*
aCSF resulted in the appearance of spontaneous
epileptiform discharges in CA3 hippocampal
zone (Fig. 1). Epileptiform activity appeared
in two forms of rhythmic activity. Initially,
epileptic activity started with recurring seizures
(Fig. 1A) and then either only continuous epi-
leptic discharges appeared (2/10 slices) or both
— recurring seizures and continuous discharges
were recorded (8/10 slices, Fig. 1A). Recurring
seizure-like activity (SLA), which is character-
ized by long train of epileptic discharge, was
evoked in all recorded slices. Recurring seizure-
like activity had the mean duration of 60.61 +
31.98 s and the mean inter-burst frequency was
3.39 £1.40 Hz. Continuous epileptic discharges
are distinct short electrical events that had the
mean duration of 1.37 = 0.42 s, the mean internal
frequency of 8.2 + 1.34 Hz and the mean inter-
event interval of 6.73 £ 1.74 s.

Application of MEC did not change the du-
ration of recurring seizure-like activity (70.24
+ 46.65 s), but significantly increased internal
frequency of discharges — 3.97 £ 0.99 Hz, (P =
0.02, Fig. 1B). After MEC washout in perfusion
solution on 6/10 hippocampal slices, the mean
internal frequency of discharges decreased to
2.58 £0.73 Hz (P < 0.01, Fig. 1C).
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Application of MEC did not change the (P = 0.001). However, blockade of nicotinic
duration of continuous discharges (1.11 + 0.28 s),  receptors lead to decrease in internal frequency
but significantly decreased the inter-event in- of continuous epileptic discharges (3.18 + 1.26
tervals between these discharges 4.31 £+ 0.54 s, Hz, P < 0.001). Washout of MEC from hippo-
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Fig. 1 — Extracellular recording of epileptiform activity during perfusion of hippocampal slices with low-Mg>" aCSF,
during and after application of 50 uM mecamylamine. A — Typical electrophysiological response of CA3 neuronal
net on Mg?" omitting: (1) recurring seizure-like activity; (2) continuous epileptic discharges. B — Field electrical
activity of CA3 neurons in low Mg?" during application of mecamylamine: (3) continuous epileptic discharges; (4)
recurring seizure-like activity. C — Field electrical activity of CA3 hippocampus after recovery from mecamylamine
application: (5) continuous epileptic discharges and recurring seizure-like activity
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campal slices increased internal frequency of
continuous epileptic discharges to 7.02 + 1.24
Hz, (P <0.01).

In this study, we investigated the role of
nicotinic receptors in manifestations of epilep-
tic discharges in CA3 hippocampus, evoked by
omitting Mg?" from extracellular solution. Appli-
cation of MEC increased frequency of recurrent
seizures and continuous epileptic discharges,
however decreased the internal frequency of
continuous epileptic discharges. Our results dem-
onstrate that nicotinic receptors have modulatory
role, rather than proepileptic or anticonvulsive
effect in low Mg?" model of epilepsy.

Our research supports previous data indicat-
ing that blockade of nicotinic acetylcholine re-
ceptor might be a valuable therapeutic approach
to treat generalized epileptic seizure rather than
complex partial seizures [18].

CONCLUSIONS

1. Omitting Mg?* from extracellular solution
results in the appearance of epileptiform activity
in CA3 rat hippocampus.

2. Two types of seizure manifestations are
induced by low-Mg?" aCSF: recurring seizures
and continuous discharges.

3. Application of mecamylamine significantly
increases internal frequency of recurring seizure-
like activity and significantly decreases inter-
event intervals between continuous discharges.

4. Mecamylamine significantly decreases
internal frequency of continuous epileptic
discharges.

5. Blockade of nicotinic acetylcholine
receptors with mecamylamine has multidi-
rectional effect on epileptiform activity, evoked
by omitting Mg?* from extracellular solution.

The authors of this study confirm that the research
and publication of the results were not associated
with any conflicts regarding commercial or financial
relations, relations with organizations and/or
individuals who may have been related to the study,
and interrelations of co-authors of the article.
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MEKAMMWJIAMMWH MOAYJIUPYET
SHNUWIENITA®OPMHYIO AKTUBHOCTbD
B MOJEJIH ITMJIEINICUHU C HU3KUM
COJIEP’KAHUEM MG?**

MekaMHITaMIH — HECENIEKTUBHBIN aHTATOHUCT HUKOTHHOBBIX
AIETUIIXOJIMHOBBIX PELENTOPOB, KOTOPBI ObLT pa3zpaboTaH
KaK aHTUTHIIEPTEH3UBHBIH ITPemapaT, a CeroJHs HCCIIeTyeTcs
€ro TepaNeBTUIECKOE ASHCTBHE MTPU TAKUX MATOJOTHUECKUX
COCTOSIHUSIX, KaK JETPEccHs, TPEBOKHOCTh U 3Muiencus. B
9TOH paboTe MBI HCCIEOBAIN BIUSHUE MEKaMUIIaMUHA Ha
MIPOSIBIEHUS CYAOPOKHOMOAO00HON aKTUBHOCTH, BBI3BAHHON
nepdy3ueit cpe3oB TUIIMOKaMIIa PACTBOPOM HUCKYCCTBEHHOM
CIIMHHOMO3TOBOI KHAKOCTH ¢ HU3KUM coaepkanneM Mg?™
Crnenyer OTMETUTh, YTO BO BHEKJIETOYHOH pacTBOpE Ha-
Omromany ABa PasAMYHBIX TUMA MHUIEHTH(OPMHOIN aKTHB-
HOCTH: TIOBTOPSIIOIIASACS CyJOPOKHOMOJOOHYIO aKTHBHOCTb
U JIUTEIbHBIE pa3psbl. ANMINKANUS MEKaMUIaMUHa
YBENIUUMIA BHYTPEHHIOI YaCTOTY MOBTOPSIOLIEHCS CyIo-
POXHOMO00HOH AaKTUBHOCTH M 3HAYUTENBHO yMEHBIIHIA
HHTEPBAIbl MEXAY JIUTEIbHBIMH 3MHIECHTH(HOPMHBIMH
paspsinamu. Taxoke CHIKaIaCh BHYTPEHHSI 4aCTOTA ATUTENb-
HBIX MUIenTU(GOPMHBIX pa3psioB. Pe3ynbTaThl Hamiei
paboTHI MOKA3bIBAIOT, UYTO BIUSHHE MEKaMHIAMUHA Ha
MUIENTU(OPMHYIO aKTHBHOCTH T'HIIIOKAMIIA, BBHI3BAHHYIO
B PacTBOpE C HM3KUM cojepskanuem Mg?', umeer Momy-
JTHUPYIOIHMH XapakTep. JlOMOTHUTENBHO, HAIN Pe3yTbTaThl
YKa3bIBalOT Ha POJIb HUKOTHHOBBIX XOJIHMHOPEIETITOPOB B
CHHXPOHM3AINU AKTUBHOCTH THIIIOKAMIIA M MOTYT YaCTUIHO
OOBSICHUTH TE€PANEeBTHUECKOE AEHCTBHS MEKaMHIIaMHHA B
[HHC.

KirodyeBble coBa: MEKaMHIIAMHUH; CPE3bI MO3Ta KPBIC; SITH-
nentudopMHasi akTUBHOCTb; CA3-TUnmokamil.
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MEKAMIJIAMIH MOAYJIIO€
ENVIENITU®OPMHY AKTUBHICTb
B MOJIEJII EIJIETICII 3 HU3bKUM
BMICTOM MG?**

MekaMinaMiH — HECETEKTUBHHUI aHTAroOHICT HIKOTMHOBUX
ALETHIXOJIIHOBUX PELENTOPiB, KU OysI0 po3po0iIeHo SK
AQHTUTINEPTEH3UBHUI IIPenapar, a HUHI BEAyThCs JOCTIHKEHHS
100 HOro TepameBTUYHOI Ail MPH TaKUX MATOJIOTTYHHX
CTaHax, AK JENpecis, TPUBOXKHICTH Ta emijencit. Y mii
poOOTi MM AOCHiAKYBanu BIUIUB MEKaMiTaMiHy Ha MPOSIBH
cynoMomoaiOHOI aKTUBHOCTI, BUKIUKaHOI mepdysiero
3pi3iB rimokamma pO3YWHOM IITY4YHOI CITMHHOMO3KOBO1
pIAMHM 3 HU3BKUM BMiCTOM Mg2+. Crnig BiAMITHTH, IO Y
MO3aKJIITHHHOMY PO3YMHI CIOCTEPIraiy ABa Pi3HUX THIIH
enienTru(hOpPMHOT AKTUBHOCTI: TOBTOPIOBAHY CYAOMOIOII0OHY
AKTHBHICTB Ta TPUBAJL PO3PAAU. 3aCTOCYBAHHS MEKaMiJIaMiHy
CYTTEBO 301TBIIMIO BHYTPIIIHIO YaCTOTY MOBTOPIOBAHO1
CyIOMOMNOAI0HOT aKTUBHOCTI Ta 3HAYHO 3MEHILIMIIO IHTEPBAIH
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MK TPUBAIMMHU po3psaaMu. Tako CyTTEBO 3HU3MIIACS
BHYTPIIIHS 4aCcTOTa TPUBAIUX CHiICHTU(HOPMHUX PO3PSIIB.
Pesynbraty Hawoi poOoTH BKa3ylOTh, 110 BIUIMB MeKaMmila-
MiHY Ha erienTr(OPMHY aKTUBHICTb III0KaMIIa, IHAyKOBaHY
B PO3YMHI 3 HU3bKMM BMicToM Mg?*, Mae Momymioiounii
xapakrep. JlogaTkoBo, Hami pe3ysibTaTH BKa3ylOTh Ha
pOJIb HIKOTHHOBUX XOJIHOPELENTOPIB Y CHHXPOHI3aLil
AKTUBHOCTI TITOKaMIIa, sIKi MOYKYTb YaCTKOBO MOSICHUTH eheKT
TepaneBTHYHOI il Mekaminaminy B [{THC.

Kiro4oBi cioBa: MekaminaMmiH; 3pi3u MO3Ky L1ypiB; emi-
nentrdopMHa akTuBHICTh; CA3-rinokamir.

ITnemumym ¢hizionoeii im. O.0. boeomonvya HAH Yxpainu,
Kuis; e-mail: dmytro.isaevi@gmail.com
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