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ABSTRACT

Traumatic brain injury (TBI) is one of the leading causes of death and disability in children and adults and is a major
risk factor for the development of posttraumatic epilepsy (PTE). Recent studies have provided significant insight into the
pathophysiological mechanisms underlying the development of epilepsy. Although the link between brain trauma and
epilepsy is well recognized, the complex biological mechanisms that result in PTE following TBI have not been fully
elucidated. Therefore, this study investigated in order to identify whether or not the abnormal expression of calcium-
binding proteins in the lesioned hippocampus plays a role in neuronal damage by brain trauma and whether or not the
expressions may change in the contralateral hippocampus during the adaptive stage as early time point following TBI.

During early time point following TBI, both parvalbumin (PV) and calbindin D-28k (CB) immunoresactivities were
decreased with in the lesioned hippocampus. However, these expressions were recovered to control levels as depend on
time courses. On the other hand, PV immunoreactivity in contralateral hippocampus was transiently reduced as compared
to the control levels, whereas CB expression was unchanged.

These findings indicate that the alterations of the calcium-binding proteins, especially PV and CB, may contribute to
the neuronal death and/or damage induced by abnormal inhibitory neurotransmission at early time period following brain
trauma and the development of epileptogenesisin patients with traumatic brain injury.
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elel] whe pelzp EAjsh, B zPAEEE AP E
gAke] 50% ojAte]l 1 ou] &4 F 71 (posttraumatic
epilepsy, PTE)2 =13 =} (Willmore & Ueda, 2009). =3t
olglgt 7HAZkAtR o o]FHE2 wEAFe] AHxrt A¥SFH
27} st} (Caveness, 1976; Weiss et al., 1983, 1986).

39, 273l A (calcium-binding proteins, CBPs)-2-
Azdel s Bekzahs @ D] Exxz 45
= Aoz 7 A glr) B3, o] whrle 2277
oA ST NNz BAAZ F83H AHEE T g
o} (Baimbridge et a., 1992). o] & parvabumin (PV)3} ca-
bindin D-28K (CB): ] 2] 3julel] Esl= dXR A1AA
ol Y3 43 mAxk2 de] o]8¥ 1 ¢t} (Celio, 1990;
Andressen et al., 1993). PV 32 basket cells} axo-axonic
cells?} 7+ GABAergic interneuronsel] 3% o] 137, CB
= dentate gyrusel] $]3F granule cellse} X Apo] 21734
320 g5 o] 3o} (Jandeet d., 1981; Baimbridge & Miller,
1982; Toth & Freund, 1992; Hwang et al., 2004a). 2] 4
FAshel] o5t zbde] ele] wlgAPAQl ANz
=3 23 me JAA AAARAA o el N F)elshe
ez ByE 3 glvl(Missiaen et d., 2000; Rogawski, 2000;
Guerrini, 2001; Meldrum, 2002; Rozycka & Trzeciak, 2003).
mebd, ol2igt 7ol Wel Ay B4 F FE YL
AAA ANARAGER 9 GABAL XAl o)A} = T8 A
AALEAS glutamates] wAbol el M 7)Qlshe Hos
2293 gleh w3k AT ARAE 2Pslel M3k
WAL N EAGIP] Hedshe hFR ARALE
4=~8-A) (neurotransmitter receptor) =3 ion channel2] W
T WA S]] o5t Ay o] ol EE, o s
AW 37F GABA =& glutamate tAlo] 43} LA Z (A
o] 9lL-o] BaE 3 ¢j}(Kang et d., 2004; Kim et al., 2005;
Kwak et a., 2005). 281} o]8]dt x=He|x B3}, o}A
742 74 (epileptogenesis) @] 7124l 7142 &S]
ghs]AA] kot Qleh o A& ZHHbY I o] whed] Al7
Aze] o] ifell A 7]lEE o] ofde), Bep HAke A
I 71AE B3 doldS AR 53], AAl7kA] Al
o] A M & o] il g A4
hemorrhage, free radicals 2! glutamate2] w]AAFA ¢l =H&-
GABA, ==+ glutamate receptor subunits®] ¥ 3}, heat shock
protein®] W3} 53} 22 of7 7}A] Thekst fdglel] &3
A174e] 338 (excitotoxicity) o] vhehte, ole} e wAH
< glutamates E33F oFdt Fi-el SRA AAAEEA
o 93t Ho=z delx g)u}(Agrawal et al., 2006; Gupta &
Gupta, 2006; Mani & Barry, 2006; Willmore & Ueda, 2009;
Kharlamove et al., 2011). ©]$-o], o]&] 8} 217 2] 7Tk o)
A AN} A = E4E 9 depbe He®
el glew (Mani & Barry, 2006), 41734 2] gt
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met Az RN ZTehe Zas 2T Zadd
Sl A o] 7R3} e ExE) 1;]705]—0]]/\1 chekst A AME
o] WAL Jehll: 2422 oA 9loh (Magloczky et al.,

1997; Fritschy et al., 1999; Sutch et al., 1999).
olgldt AAES s £ W oA HES F el
= 71d9) w7 A A GABAergic interneuronsd] 7]5-3
3} 1;} Fab 270 AAA] Ale)4lA (inhibitory interneur-
ons)®| zhg-e] 3]"“* HeAd F zbAe] e wig- F2
gk d&E sk, o] HAFet ZEAghiAe] Wt 5
nhe A o] 3] AE Ao AR E) upeh, o] o
TFolME YA HEL APTERD S o83ty ¥HEY
9] =71HAA )28t GABAergic interneurons®] =hg-o]
A HeAd F AL AR Aol WX oJgs B
Aslar, ol 7ke] dIAdE A}t gt =3
XA F e 7o) A7 A A o] s &
7| z2]8t4 el Eﬂ"]FﬂE ”}'jd?}%

%

F

[e3

o r&ﬁ
mln
X 1o ox

2 ol Foll= AlF 300~350g2] Sprague-Dawley (SD) rats

HEEES NIH 7hol =gkl at Aol o}
P Efe A3l A 2l o}

Aol AHed APFTEES FdFA (2

= 5510%)o| Al A&7z b ARSEE

on, BE FEEY 12: 1247 32T FtelA Alm |
©

Az o] AT 4 A== sk

48 &L 22 (=57 A HEAE
T (n=5, respectively) o2 F-E3}3ch. Ag-
o] AH8-% FE-2 ketamine (90 mg/kg)Z} xylazine (4 mg/kg)
< E7ell FARl] AT F e Al
nH ¥ 5L ¥ 1A A (stereotaxic frame)el] 124 A]
71 & AsEe] mw 919 I)Rs AT, ont
ul= A7 (frontoparietal cortex)o] 2%t AL 317 x| =
= (rat brain atlas) & o]-8-3fe] ®A|BFATE o] & | A}
(duramatter)& =A4A 714 ok W9 WellA] wgjwel] w
2] w| A A) < (craniolectomy, *X]& 6 mm)2 A]3) 5o °‘°]U}
b AL 2FARS 2EF ¥ o] AR SA

2 P P o R O i B B sl drylce—g

ol 43le] 602 B3t FALEAE FEa 2o 2



OhYJetal.: Alterations of CBP following TBI 237

3| E7d F&e AALwrt 37£05°C7F 412 ¢ =
7} A= (heating blanket, Harvard Apparatus, MA, USA)
o] §3te] AT A= FAXFAL o] B TE
T Rg B5sle] 3 EAA 3875 AR F o
£ F AR AdA wet H2A] 228 AAes]
ok 222 I AR 2247 F 357]E AX AR
st oA HEd e Aas EelEr] $lEke Al
o] it TE9] HxA L cregyl violetS o] &3] K&
A (Nissl Staining)& 3319 0w, S22l &%
Ao el EAfshs AAMES] el WS Eal

tlo mlm ty

rh

e R A

Sgo] B EBE 55 5 30813612, 2447, 3,
5,79 (4 AYZ 9 dEe Sutel)el H24E Esic

7z} ZE2-2 pentobarbital sodiume 2 v}FH A7l & FtS
A3 S =247 F e (cannula) & FAA S 53t
25 s (ascending aorta)el] AkSishar, SAME F5)
of ¥ A 7T} EAe] FF-5AM 7] (Master Flex, CA, USA)
2 o] g3le] A4 (pH 7.4) 500mLE FF S84
o}, o]ojA] 4°C2] 4% paraformaldehyde$-<} (0.1 M phos-
phate buffer; pH 7.4; |3} PB) 500mL = 3037+ 5 A
shodeh RF T B FES TADNE o] gtk ¥
23 ohg B TAYeNM 4~647 F1A st
el Tk 2Ae Y5AA A% A A2 5 e 54
FHIA S 9]3ted 0.1% M PBel| 3]A43F 30% sucrose (pH
7.4) 8900 o] whtel slebeks wzkx] AHAZE o] F
¥]= embedding mediumel] 3xvfs}le] diding microtomes
|
=%
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£3}o] 30ume] F7 = FAFE et (corona section) gt Y5
Z2AAAEL ARl on, HAGAY & wj7ix] g
(storing solution)& Y2 6-well plateol] o] ®BI319c}

o] Aol F-HS o83 ABC S 33t
ot 7+ 2 AgL 0.1M PBS(pH 7.4)2 102 <t 33
SAsE, M F Uehd 4 Sk WS Hd WeE

49

k=) 8l7] $ste] 22 AH-E 10% normal goat serumel] Al
2ol A 30R7F HFSAIHH o] & 7+ £%]2 0.3% Triton X-
100 2 2% bovine serum abumine] &£3t= o] 9J& PBSe| &
g}3} rabbit anti-parvalbumin (PV) == rabbit anti-calbindin
D-28k (CB) 34 (diluted 1: 1,000; Chemicon, CA, USA)e]|
Aol A] 24A17F g2t HEEAIF T ukS-o] Bt 222 0.1M
PBSZ 108 X%t 33] $Aslar, Al43ste] goat anti-rabbit
IgG (Vector, CA, USA) 52 ¢]x}3k4] 2 ABC complex
(Vector, CA, USA)ell Aol A 724z} 241704 mb-g-Al 3ot

7t A 2] uhg Foli PBSE) oz 1037k 3xke M8}
ek FAFA Wkl B A4S 0.03% FAkshpdsh
0.05% DAB (3,3’-diaminobenzidine tetrachloride, Sigma,
USA)7} 3%l Trisbuffer (pH 7.4) 8ol A] 1~23%7F WA
ARt akge] B 2L 4 F B Sag)
=m3l 344S 74 CanadaBasamoz 3913k & 33hs)
mAoz Ztzke] WeuleA S Tashen

5. M|Z A4

o zAsstd e A AFFstelr] 9sted 7 A
ZollAl PV 9 CBell gul-3AdS Yehli= Al ZE A3t
Aok (Kim et a., 20073, b, 2008). 7+7ke] A& Lo &3l= =
A H -2 Axiocam HRc camera(CarlZeiss, Germany)S %
3led PC monitorel] A7 % &n| 7L E3dle] #Faleit 25
~50u 2] wlj&-ellA] sf=} (hippocampus)®] f2H& H2akg]
31, PV 2 CBol| WeduteAe Jehll: Al7M £ 1004
o gl Asstodet BE WeS bl 4174
252 wge] Aol WAgel Asstgt 41744 e
AeE AgA] we ZF— Zo)|7] Sl3 HzxAel st
o AEA|He] = F ol Agsiadet A7MEe] A}
7 Az d AFZA 157]9] QA3 2AdHo R
B Aozl zke ﬂé%'li veblslet. de] =77l o
7} A A ol B 321 o] (potential sampling bias) =
Aeked AHEEI7] el AERATNA 7 o] 3
732 20004 2] whgellA FA AT o, 4 73*1]1
Abercrombie correction method2 o] 8-38}e] AAl= g} N
(per mm?)=n [T/(T+D)J/A, N-& A &3t AR ExA TE
2749] £, 227 AL 7t sjuiR o] ZAwA (m).

IR D A

rr:iJFJrﬂi

o7 el HFA= v ek Z2ke] Azt w79}
=92 Adobe Photoshop version 8.0& ©
o], NIH Image 1.59 softwareE- o] £-3}o] 25 BA 39
ok wi Aol Hg =g WnkSAde]l vehd v = e
2R Wz Ao x| X2 256 1 o|aAY
(256 gray scale)e] =212 BA}sIEH(Kim et d., 20074, by
2008).
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Contralateral

Fig. 1. Neuronal loss was assessed with cresyl violet staining (A-D). A representative cresyl violet stained coronal section shows the evidence of
morphological changes in the ipsilateral cerebral cortex (B, D) compared to the contralateral side (A, C). An asterisk (*) represents the
morphological ateration of cortical neurons at the cortical impact site following TBI. The arrows in panel D indicate the necrotic neuronal
changesin ipsilateral cerebral cortex. A linein Panel B shows the cryolesion injury volume in lesioned cerebral hemisphere. Rectanglesin panels
A and B indicate the regions of panels C and D. Bar=400um (panels A and B) and 25um (panels C and D).

M

=~

7.

o] Al ATz dejzl BE Amt FAPA Fo
A& AF37] $18ke] oneway ANOVAE AHg-3te] 74
&}od o). Bonferroni's test= A1) 3 (post-hoc comparison)
£ $18ked AR8-3ksd) 0.010]4 0.05 o3le] P k2 FA|st
el folAds 1este] ®ASH o (Kwak et al., 2005; Kim
et al., 2007a, b, 2008).

HI

z o

Azl vlsl SALEA =22AA YA HERE
TR APEE de Il e AAA 2] WA
o] vrebitet (Fig. 1). o] wjx|s|de] WA=z =
A2l mIez d¥e 54 ARSI A%
7] Wgeletar AR w3 HE} F 5T Az

= PV 5} CBol WA e 1342 Al
Shepalsl vekgon, oleigk Mahe A Heael xE
R EEE L P ‘%%ﬂ—% pehge.

1. PV B2 N

Hze] sfntel]l A= vl A Z (basket cell), ZA}-
SAPHA 2 (axo-axonic cells), sfjmte] 3] ehuiA] 23 (pyrami-
dal cell layer) 9 =]o}o]ate] }5)H| £3 (granule cell layer)
o Q1A Abe] A& S Hekst Alolal o] M EA
E7|A PV dut-g-Ad o] #AE ST (Fig. 2A1-A4). =31,
sutell A A== PV Hubs AlelAl AN £2] 4= X]o}
o]2te] hilusellA] 15.2+3.13, CA1 7oA} 9.8+ 1.80,
CA2-3 F-J6l|A] 17.8+2.462° 2 j}eldo}(Fig. 2A, F). o]
3 A= PV WS ¥ st Celiod] A} fAks)
A} (Celio, 1990). QAR &4} 3 308 Fol|A] PV &
AubgAd o]l AABA A= TE FA L] xE2H F
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Fig. 2. PV immunoreactivity in the ipsilateral hippocampus following cryolesion. In the control animal, PV immunoreactive neurons are
localized in the hilus and in the subgranular cell layer of the dentate gyrus(A4). PV immunoreactive neurons are also abundantly observed in the
CA1 (A2) and the CA2-3 region (A3). Following TBI, PV immunoreactivites are changed as depending on the time courses (B, C and D).
Rectangles in panels A1, B1, C1 and D1 indicate the high-magnification of panels A2-A4, B2-B4, C2-C4 and D2-DA4. Bars represent 400 um in
Al, B1, Cl and D1 and 50 um in A2-A4, B2-B4, C2-C4 and D2-D4. Quantitative analyses of PV immunoreactivities in lesioned hippocampus
(E, mean+S.E.M). Significant differences from control hippocampus, *P < 0.05 and **P< 0.01. Average cell numbers of PV immunoreactive
interneurons in the lesioned hippocampus following TBI (F, mean=+ SD). Note the down-regulation of PV-positive interneurons in the CA1
region at 3 day following TBI seem to be indicative of physical damage. Significant differences from the controls, *P<0.05 and **P< 0.01.
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Fig. 3. PV immunoreactivity in the contralateral hippocampus following TBI. In the control animal, PV immunoreactivities are similar to control
of lesioned hippocampus (A1-A4). One day following TBI, athough PV immunoreactivity is unchanged, PV immunoreactive neurons are
reduced in CA1-3 region as compared to control levels(C1-C4). These change are maintained until 3 day following TBI (D1-D4). Rectanglesin
panels A1, B1, C1 and D1 indicate the high-magnification of panels A2-A4, B2-B4, C2-C4 and D2-D4. Bars represent 400pumin Al, B1, C1 and
D1 and 50 um in A2-A4, B2-B4, C2-C4 and D2-D4. Quantitative analyses of PV immunoreactivities in contralateral hippocampus (E, mean+
S.E.M). Average cell numbers of PV immunoreactive interneurons in the contralateral hippocampus following TBI (F, mean=+ SD). Note the
down-regulation of PV-positive interneurons in the CA1-3 region at 1~ 3 day following TBI. Significant differences from the controls, *P<
0.05 and **P< 0.01.
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Fig. 4. CB immunoreactivity in the ipsilateral hippocampus following TBI. At 30 min after TBI (B1-B4), CB immunoreactivity is atered in dl of
lesioned hippocampus as compared to control levels(A1-A4). CB immunoreactive neurons are aso reduced except the dentate gyrus. One day fol-
lowing TBI, athough CB immunoresactivity in the CA2-3 region is enhanced over control levels, CB immunoreactive neurons are recovered to con-
trol levels(C1-C4). Three day following TBI, CB immunoreactive neruons are undtered (D1-D4). Rectanglesin panels A1, B1, C1 and D1 indicate
the high-magnification of panels A2-A4, B2-B4, C2-C4 and D2-D4. Bars represent 400um in Al, B1, C1 and D1 and 50um in A2-A4, B2-B4,
C2-C4 and D2-D4. Quantitative analyses of CB immunoreactivitiesin lesioned hippocampus(E, mean=+ S.E.M). Significant differences from con-
trol hippocampus, **P< 0.01. Average cell numbers of CB immunoreactive interneurons in the lesioned hippocampus following TBI (F, mean+
SD). Note the down-regulation of CB-positive neurons in the CA1-3 region at 30 min following TBI. Significant differences from the controls,
*P<0.05and **P<0.01.
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Fig. 5. CB immunoreactivity in the contralateral hippocampus following TBI. In the control animal, CB immunoreactivities are similar to
control of lesioned hippocampus (A1-A4). Following TBI, CB immunoreactivity is unaltered in all of contralateral hippocampus as depend to
time course (B1-D4). Rectanglesin panels A1, B1, C1 and D1 indicate the high-magnification of panels A2-A4, B2-B4, C2-C4 and D2-D4. Bars
represent 400 um in A1, B1, C1 and D1 and 50 um in A2-A4, B2-B4, C2-C4 and D2-D4. Quarntitative analyses of CB immunoreactivities in
contralateral hippocampus (E, mean+ S.E.M). Average cell numbers of CB immunoreactive neurons in the contralateral hippocampus following

TBI (F, mean=+ SD).

s|ule] oFE1 (Cornu ammonis, CAL), SHE22-3(Cornu Aoz x| uls] A3 FtaHon, PVe] Y
ammonis, CA2-3) 9l X|o}olatol| ] PV W duh-e-Ale A4 WA Yehlle Alo|Al M £ 4= Hololate] hilus
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olq 574175, CAL 7ol 4] 374151, CA2-3 F-dol A
47+2130% Fgx|A 7tasielth (Fig. 2B1-B4, E, F).
e PV RGN it £4 F 1d7RE BaT
Sroz s A MEd F 19 svielA
PV aukgAlel Z7kste] PV WS vehls A}
o)A A Z8] 7} Aobelete] hiluselA] 12.5+2.81, CAl
Foel| 4] 10.4+2.62, CA2-3 7ol 4] 134+2642 Z7}3}
Atk (Fig. 2C1-C4, E, F). o243t PV W jnkg-2] W= 3%
+ °|F7HA] A= 2w (Fig. 2D1-D4).

A HEA ] =EHA > W F sju A= PV
Aukg-o] dxell Hls] &4 F 30~ 12413 oA
o]gh W3h= velbA] ¢t} (Fig. 3A1-B4). 12)v} <&
F 1947 smtellAle PV "N S] Wshe glovt
PVel] Hubs-AdS bl AlelAlAA 2] S2Al= Ao}
ol AlLgt sute] FAelA 1dFHE AAA i
5o] 307747 45 itk (Fig. 3C1-C4, D1-D4, E, F).

o A &

2.CB HHIS A

—

Y279 snte| Al el s CB WYub-sA> X|oteld
9] granule cell, 4¥-2] CA1-2 F+%2] pyramidal cell ¥
CAL-3 792 Aol AM ZM & 4= 9lslv} (Fig. 4Al-
A4). 3L, djufel| Al Yeph s CB | Yuks Abe]al7d M| 9]
H4 X|ololgte] hilusellA] 126.448.34, CA1 T30 A
435+3.78, CA2-3 o)A 12.7+2.14 o| it} (Fig. 4A, F).
ol2]gt A3 CB2o| walof & B3t Celio] A<} f
AFetsiet (Celio, 1990). #1444 &4 F 30% elA CB
o WARRSAl2 simbe] A o eA A A3tE
A& gl & 4 9lglem, CB HAukS- Abe]AlAA 2] 4=
L Xo}o|ate] hilusellA] 95.845.97, CAl F-dojA] 51+
1.75, CA2-3 F-dol| A 4.1+1.94% DGE A3 vJux]
Aol|lA] FE=A)A 7+astedo) (Fig. 4B1-B4, E, F). o= 3t
CB WA el Ftat &4 F 1Y LA R gz
Foz 3EEgon, ojzdt WG IELFL A
ofe]ghE A 93 CAL Y CA2-3elA] Wz v]s) =3}
A Z7}std e} (Fig. 4C1-C4, E). 121}, CBol| W odut-ea&
el A £ $x1= X|ofo]gte] hilusell A 130.4+9.74,
CA1 F-doj|A] 40.7+3.26, CA2-3 7-9ol| 4 14.8+2.460 2
Nz A o2 Z71Ek ) (Fig. 4F). o128t CB
HgukgAd o] S el vjsl] ¥ F 3dY7 CAl
FelA F-olt WH3kE B9l ot CBoll HYubsAdS
Pl AIAA ZL] Soll = Seol3t W3k}t gl (Fig. 4D1-
D4, E, F).

A e xE2HA] 42 WS jwlellA] vERY
£ CB wHuk-gAd o] simpe] A edHoA] djz3t B3t
FF& FAI8kAe (Fig. 5A1-B4, E). =3+ CBoll w4

< UeiE Az S5 Sel3t Wiy} gislen, o]st
whgeake Ak & 3AZ7bA] X = glu) (Fig. 5C1-D4, E,
F)
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CEX 3

1 QAN Hl&A $ S5 oHntolM LI
Za BTl Witk
HAAAZE e WeAReEel £ s Ax
W) Bl 27180 He A7MAs Beie cora
A MEE sl Hnl, 53] olH @ A4 F AeA
Fepae) it A THR ek YA selA A7

M=z x2S §=3l7]= 3l (Magloczky et al., 1997;
Fritschy et al., 1999; Sutch et al., 1999). £3], A8} & o) u}
29 7HAsEE 9 AR subggA M Zed
Fghiido] FrEle] sl AAAE7 Fadaa By
3 o} (Sloviter, 1987, 19914, b; De Lanerolle et al., 1989;
Buckmaster & Jongen-Relo, 1999; Magloczky et al., 2000;
Gorter et al., 2001). uje}r], ZgAedshlAde] w74
228 BT 9 sutlA] defke A14A ) W
Ae vebe shiel 2Aakz 9433 gl (Magloczky
et al., 1997; Fritschy et al., 1999; Sutch et al., 1999). & A&

o A3 SR Ak F 308 ZolA £A BLE dn)
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o AR L ARALAN BEAFRAALL) 2}
12570 MR ] AR, A
A Al (GABAergic system)e] Aol ZAsle] (Kang et

2001a, b, 20033, b; Hwang et al., 20043, b), ] A& JJr%
FALxE2 FUE ey F odveld B 5 gle 2

Agehi g We-sAe] Wbt o ARk tehte 4l
ZAA 2] APd R ol= GABAergic inhibitiono] 734g uj ?J_
o AAMES] FEBelA 7St Aoz AL
=38, 700235229 9| slulolA] Hhokak GABA, receptor
agonist/antagonist7} Z<gAgtszle] e A3t
Bax ek (Kwak et al., 2005). mheha], o] ol A Ho|&=
Aol A ZgAgerg o] Meubede vehie 21734
x°] Z}4= GABA, receptorE %3t inhibitory neurotrans-
mission?] 7Zt4ol 93] sl AANEESS] FIEERA A
AAGe] Z7k5e) gl Ag ouleka AZkEs sk
9] &jufe]sf 3t (subiculum) 2! CALl F-¢ o2 FAlEE= A1
447} GABAergic interneruons®] |4 =A< Wil
H 1152 (Jones & Lambert, 19903, b; Empson & Heinemann,
1995; Fritschy et al., 1999) o] A]7lthel] CAl FH o2 o
2+ TR AAALEY] =A%l £l Vet sl

ﬂ1>

Fololne] T AAATe] Frlele AnE frele
Aoz A7 o of A Ansh AR ATz 9

A HEY 3 owkEAIZi ol CAL 2] A A Aol AA
oA ZgAgehiAe] Fhavt AN ES] HZEA T
o3 Hloz AzhEich
g, o] AN AP Ak F 19 o] F W
& % sjujelx) BAgRde] wale] Z71Egen, of
23t Tl &4 3 fAIE R 2 Al gL s
uel Al EAFE A kA delgls Ale]4lZ &2 GABAergic
inhibitione] 7146 o3t BAMES- o= I ERAIS el
L Aoz oA 3ok (Rowley et a., 1995; Beau & Alger,
1998; Isokawa, 1998; Cossart et al., 2001). =3t A ¥ &
F g 3due) 27) AZe] 4R M) B TelolA
axonal sprouting} 72 WA Q] HEg-o] A==, o2
st W3y} 15397 f-X=}(Yang et al., 1996; King et al.,
2001). Tetrodotoxm(TTX)gi YA HEAS X 8d T
S &2 F 3 ool o]Fojxiof 3}, X587} A A=HH
£ w2 IS o 3AZIv e ghe) (Graber &
Prince, 2006). £3], <Akel o] =)Aol A interictal epilepti-
form activity7} YJeh ], c-fos H Guk-g-A] o]
Ju FAsA Z=7}5hc} (Jacobs et d., 2001). o]2]gF Ml
£ F 27 Az ol vIAAFE ]l A7 o] FA 3 AlzE
oo s on lf"h:} mebA], o] Ae] A3 A <&
ol Fadtg ot 193 3ol ZEAd
5155 72 o] Azl A H<EA
dutell A vehbs ohekst WejAd e sk
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~
x| FRAo| ZUlslar, o3 Azl A AlAM xS
A el AHab 7HEstE Y Bt w|Fe] B o (Reeves
et a., 1995; Coulter et al., 1996; Bush et al., 1999; Golarai et
al., 2001; Graber & Prince, 2004; Prince et a., 2009) 0]131?'7]'
FREL A Hed F e Qlold FoF o
oz zgshe Aoz AzEh 4 Hed F siot
9 B4 ehhs A AAAA F oA
(postsynaptic inhibition) W A A] Ate]x17Ae) 7ka7) vie)
U= B 377} ¢led (Neumann-Haefdin et al., 1995; William-
son et al., 1999; Zhu & Roper, 2000; Andre et a., 2001; Sayin
etal., 2003). 53], £4-& WA e WS o))y
pyramidal celle] A ZAel| 3A=]e] )= fast-spikning (FS)
interneuronsg 3k A4 A7 dA o] FAEHA FHAaE
= Bux 9ok (Prince et al., 2009). o]&]3t AL =3
A=) def| A o] A F FSinterneuronsel| 4] -z
Al W37t Yehdz, o] 7 o] GABAergic neurotransmission
o &g zaA7le shie] dlow gsie ow
B ek glot w3 kainateo] ©]s) fritgl sfiehe] 7hA
AT FoM= o9} 2 715H 3l AL
Alo] vjeld} (Franck et al., 1988). o] A3l A ]*o“é
el x2HA o2 vk S b A Yehbs 2w

W e] W3 CAL-3 7o A3 AAA Ale]Al
A FHAHG. F, CBell Hen %c—% b= A
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<+ yehli= AbeiAM 2E H<E *J ? 1 o] Fej 7F
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bitione] 747 Yehd H o] B]Fe] E o (Witte et
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&} 3 347~ 64] 7M1 <>ﬂ GABAA ol receptor subunit2]
bRe] BN €4 F 20425) 79l B
Ztrdoh wys (Glbson et a., 2010) o] Alge] Az}
FARBH =4 F 19 o] FRE vl S sjutellA 7=l
glutamate receptor subtypesel] 2]3t 4173|220 T BAS
wagHor AR 37| wiel A HEL F
ZHEA o] ot3lE w2 dhta A ZbEYh AA|, GABAergic
interneurons2 NMDA receptor?] #Alstz GtE= A=
W ZEsdS 225 Fe3t 938 sh, £4F 9]
oke. GABAergic interneuronse |l 9]x]3t 2174 £2]
AR BRESE 2 T3l Hloz o4
] glt} (Babb et al., 1989; Masukawa et al., 1989). ©]£-o],
S e WS, WA, ek g Al A 417
AZe) BEPAE U PRSI, IR FAAE
Mol WEE 4719, o B Fale] oA ¥
&4 F Zhdo] MHES s Zlez 93 gloH(San-
thakumar et al., 2000, 2001; Ratzliff et al., 2004; Hall et 4d.,
2008; Hunt et al., 2009; Yang et a., 2010). whe}A], o] ool
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