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It is widely accepted that swelling of brain cells is one of the physiological responses
associated with neuronal activation. Such alterations lead to changes in the size of extracellular
space and in ephaptic and field effect interaction, which may cause synchronized activation of
neurons and local spread of epileptic discharges (Jefferys, 1995). Mass changes in volume of
cortical cells in response to electrical stimulation can be detected in terms of characteristics of
extracellular spaces in vivo (Dietzel et al.,, 1980). In the human brain, transient swelling of
cortical cells due to visual stimulation was recently detected by diffusion-weight magnetic
resonance imaging (DW-MRI) (Darquie et al., 2001). Mechanisms underlying activity-dependent
volume changes have been pursued in several in vitro studies using brain slice preparations.
However, mechanisms and candidate ion channels and/or transporters which might be involved

remain unclear.

In the present study, they analyzed interactions between changes in cell volume and
synaptic responses in the hippocampal slices from rodents. Swelling within the CAl area were
detected as increases in transmittance of near-infrared light (IR), and field excitatory postsynaptic
potentials (fEPSPs) were recorded simultaneously. High frequency stimulation (HFS) of afferent
fibers induced a transient increase in IR transmittance in both somatic and dendritic regions.
Stimulus-induced increases in transmittance were strongly reduced in the presence of APV and
CNQX, indicating involvement of glutamate receptors. MacVicar and Hochman (1991) also
reported, and they confirmed their results about this point. they also investigated that the
contribution of GABAergic input to the optical signals. Application of a GABA-A receptor
antagonist, bicuculline, increased the amplitude and time course of the fEPSPs but rather
decreased HFS-induced optical signals. To examine the contribution of Cl” flux through GABA-A
receptor channels, they measured HFS-induced signals when the extracellular solution was
stepwise depleted of Cl" (72.5 mM, 41.5 mM, 10.5 mM). The peak amplitude of HFS-induced
signals was decreased according to the extracellular Cl concentration. When the extracellular CI°
was reduced to 10.5 mM, HFS induced a decrease in transmittance, which was also blocked by
bicuculline. In hippocampal slices obtained from mice deficient in the 65 kDa isoform of glutamic
acid decarboxylase, HFS-induced signals were significantly smaller than in the wild-type mice,
although fEPSP profiles did not differ. These results suggest that CI" influx into postsynaptic
neurons through GABA-A receptor channels that are activated by synaptically-released GABA is

a major cause of activity-dependent swelling in the hippocampal CA1l region.

Since the GAD65 KO mouse is prone to epileptic seizure as a behavioral phenotype, their
results suggest that the GABAergic system is not only required for stabilizing neuronal activities
but also significant for swelling in the hippocampal CAl region. It might be expected that
generation, synchronization and/or propagation of epileptic activity may be caused by a variety of

different mechanisms (see Hochman et al., 1995). The present results provide a new concept that
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can relate mechanisms of the excitability control and the volume regulation in CNS neurons,

which may lead to the better understanding of epilepsy.
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I B W THRIEIICE > THBEEE (swelling) DB ZDBZEBESBOLNTE L,
OB, MBEBBROBD L MBAEES (ephapse) OENELLELL, =a2—a O
FEMY FESEABRLLTHNAN T 2— 0y EHORBPBESTAPARDORIIEE
Bl o T HEMNTRBENRTWS, IO in vivo EBR CTAMEEOERRIEIC L 2 4
AR OB FOMTHEEREICLIKNMEEMROEES2 R+ MRI B BEHE
nNTW3, ZOHRENREFHOLHMBEBENMNDA D= LZRTAADTLDIT, WMATA A
EAZ AW invitro ERN™1Tbh, FAFI By T 72A0BERS T Y THROBED
MEXNTWAN, REFAGICELASA TV FXYRIARI TV AR—F —DFEHITONT
IREB LS o TR,

AMECHELZIIMBREBOLILLE VF P AREL0BEGRY. Tolmd#w (12T v b,
—EHRAFFAIRVEEF/ v 7TV TR) WoBONEEBEAT A AEREZHANT
M L7=., CAlBFICB T A2MBEEELZERANOZBEREME L TAFNICHE L, R
WWHEEME T 4 — L FEBMERGLEZ, ANBREZFEHENR T2 EMBER & HREER
DHEFT—BUHOBBREMNEZ o, ThiZfEoTHREEENEZ ~TWVDH I LZH
— MR OEEEY R FL— Y —BEMETHETAZLICLVERLE, 27U FF
XU UBEFEIE—BUMELICLIVERER YV T E a2 U BBELLEARAT A
ZATCOEBRNL, MEABRZI-==z— 0 CRI->TWAIZ EEBALL, FiBEREFEMNT
APV & CNQX OBFEETFTTELL B LEZZ D, FVFIVEBRREOBENFRRS
Nz, FRAEIKICIEY oa—arBA—ZRAMRALTHLBBEELELCEER 2N &0
. F FPUTARSAAL JIFRBERISLETIREVWEEZONE, 2 GABAKAST D
BEAFHT, GABA-A SEEEDOT7T U A=A P THAEXFaFxa VERET DL,
BEM T 4 — L FEMOBERECEMBRBIZEMLUAERS, BEV T T AETFEMSCTEERL
o BV IIFAOE— I EIZ, MMBEAKO 7 T4 FEBEKTIZE 2o TH D L,
MRS a4 FIEERN 10.5mM ORI IZ.GABAZRFFOEHALTIIa 74 FIZHFITHR
T3 LE2bN30. BHENKIBBROBL I ERIL, ThbErt*asxa
Jo Bl Eh, GABA 6FEEED—D>THD 66kDa B /¥ I VEBHRBEELZ KX
BEXHETHMANGABARE FLTWASANLELNEEBEATA AT, BAER -V A
DWEARATA AL, REMET =V FEMOBFEHEICTEDCSEL - 208, &5 E R
I THERESNINEZV T T AREEC/ TSI Do, TObDERIT, BEMH T X
BRI E>TELDZIINEIVEBEZEREEZN LET PV DAL VRALEIEIES T T A
BEILE>THEULSD GABAA ZEEEN Lz T4 FRAEN, BE CALEFIIBITS
EEERFEHNRAEENOBERTHDL I LEZTRLTND,

KFREDOFERIZT, CABA ZEEWE L LM ZER a2 —n v EHE2RE/LEEDL DK
VETHBHENY TR, 22— a0 YAHEOEMIZLEbLo TSI EERLTWNS, A
R TRHENT-MBERERIZHE 2-3%E NSV EDTHEIN, 5 AV T1IHEEW
SEBAUKHEO YT 7T AEHTEEREISIND3bOTHD, TOEHZN, FEREESED
BHRIASBHBELMCENRTRIERL VR, BREBEWH Y T TR MBI T TR LD HRA
LT, MBESPEENICI Pr—A LTWBRET TR, =a2a—nrORBEELEN
L CHEMICAS T2 VI FLVWESZAFEREH LAEZ LT, RBZCHTSE
ELEBRTH D,
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