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The superficial dorsal horn, particularly substantia
gdatinosa (SG) in the spinal cord, receives inputs from
small-diameter primary afferentsthat predominantly convey
noxious sensation. Reactive oxygen species (ROS) aretoxic
agents that may be involved in various neurodegener ative
diseases. Recent studiesindicatethat ROSare also involved
in persisent pain through a spinal mechanism. In the
present study, whole cell patch clamp recordings were
carried out on SG neuronsin spinal cord dice of youngrats
to investigate the effects of hydrogen peroxide on neuronal
excitability and excitatory synaptictransmission. In current
clamp condition, tert-buthyl hydroperoxide (t-BuOOH), an
ROSdonor, depolarized membranepotential of SG neurons
and increased the neuronal firing frequencies evoked by
depolarizing current pulses. When dices were pretreated
with phenyl-N-tert-buthylnitrone (PBN) or ascorbate, ROS
scavengers, t-BUOOH did not induce hyperexcitability. In
voltage clamp condition, t-BuOOH increased thefrequency
and amplitude of gpontaneousexcitatory postsynaptic currents
(SEPSCs), and monosynaptically evoked excitatory postsynaptic
currents(eEPSCs) by dectrical stimulation of theipsilateral
dorsal root. These data suggest that ROS generated by
peripheral nerveinjury can modulate the excitability of the
SG neuronsyvia pre- and postsynaptic actions.
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N =

497t AlZ(dorsd horn neuron, DHN) & 332
o}ad A7 A% (substantia gelatinosa, SG; lamina
HzE e Az RS B8] AA
s o]F E3kglct. 53] Aol faligh
= 7F ASAl-ret e Al C-
dxk 22t AARE S A 3359
DHNCoZ H==Ew o]2-sh= lamina 17} V&2 FAHI1
734 3 (projection neuron)s- E3ted A4k (thalamus) 52
HNTFE T2 EE At (Kumazawaet Perl, 1978;
Yoshimura®} Jessell, 1989). w4552 ol2idk HuA
o AA FollA A& ARl ol Al TRaA]
o] WPyl frEe, ol2{gt WSt o3 2@ A7 A
SEl= Az AR St shdESe AlErHelzt
3ok gl
Hydrogen peroxide, superoxide, hydroxyl radical, Ak
xS zslE FAAEE(reactive oxygen Species;
ROS)> x2l=ov 7K ikt 3 Hok(Levy
¢} Zochodne, 1998; Khdil#} Khodr, 2001; Liu 5, 2004;
Wang 5, 2004). &HFdo g ROSe| AAd#} 532 HF
543-& superoxide dismutase} catdlase, glutathione pero-
xidasee} 7 WA kst Aol o AHsHAl =
A FcH(Djordjevic, 2004). 121} free radicale] 2§4do]
S7FRIAY FAkst wholrh gRashe AARlSE s
A H(McGeerel McGeer, 1999), o]&= A|Zu] k=
DNA, A 52| 48 %2l Ieh(Wells 5, 1997; Parman
= 1999).
FZe| Agolie ROSE 254 EFolv AAEF
A B A2 AdelA] FFAel Hods]o] Qlrka
Hausla 9ok, 24417 A el (spinal nerve ligation;
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SNL)el| 93k A7 FA E5olA Aol ROS A4
7P #A=E ] ow (Pak 5, 2006), W32 &4alshA|el
phenyl N-tert-buthylnitrone(PBN)=} 5, 5-dimethyl-py-
rroline- N-oxide(DMPQO)2] o2 =3k ROS| #17
of 98] 4 Azkeel A&=E AFEI) vEpdo] B
25 dch(Kim 5, 2004). =35+ &A] AAEo)x] o] 2
ol dASHAI] shel wlEll EE 0|83 dATolM=
alEbel E7} Ql4kskEl NMDA 48+ 1 4%k (pNR1)
5 ATa A3 7R ubeAS AaAlA A
el FFIEE ARl o3l AFEAE HER
ok ddh(Kim 5, 2006).

A7 sl whs o] 83to] AlZox ROSY =}
L5 Y] Ad A7 Az oy kA ot
& 54 3F 9] srpdHE o] &d Aol AHEx=e
H,0, Fololl 2l #7]788 4k (long term potentiation)
o] #AE aFEE ALAZE vle st (depre
sson)e] #s]gck(Kamderl Segd, 2004). Pelmar (1987)
& CALl AlzolA H,07F Al &3 &-53st uby
< A siglor, il E Muller 5 (19931 CA3
Al ZollA] A AP AFE Aol 23l &
A4 ZE VRt St #Hao] ol Az A
= HO7F vlAGAIAL AfeS AR ulss F7H
|3 (Tekahashi %, 2007) =3 &84 APPAT AF
77 e] (Tsuzuki 5, 2004) H.3=3)

upeba] o] Aol AAE ROSF Hgrol #H&3lod
FEAE doA F5E FUE F AR Elskaxt
patch clamp W2 ¢]&sle] FFd=] d=xH FA
ATE ke A olwd FEo TR A2 A=

of o Fhstise] E31E Qoua sis,

it

Y

bt

AlBIx= o g
AR Az

A% 131-209 ¥ Sprague-Dawley 3155 o+ 73
glo] ALgsloict. 31AS ether® 133t 3 20% urethane
@mi/Kgye 57 W Foisisict. FFolAe AF74A
A3EA| A% (laminectomy)ys 3le] 45 =Z3 & 84
4 Id5-(lumbosacra  enlargement)ell4] 1cm A=
olo] A5 FLo] F2E AR Axkeidict. =2A
7](vibratome 752M, Campden, =) Aol agar
blocks =# 343 & w2 AAE o] &sl] H4A
AL 3A4FYc}t. 95% O,-5% COS FFahda] )
250 ume] HeAH-S dgled, Aok F AL &= =24
7](model 765, Campden, %33 )5 o]-§dlo] golle] 2%
5 1-2°C A= & YA A Al old AsdEs 3
o] 2|3 Zhde] APEEE FHA (105 ste] Ao
Zhdoe] W) ¥=E sigich. AeAH-e 32°CY <l¥

2

ooy

—

HA G Gollol| W7 A= ¥asle] AR 3]
A|HIL, o]Fol Aolr Ade AlFsct. 7152 A
FAAS dn]7 (BX50WI, Olympus, &) 99 712
Zl@Amel &7 F A7 vke 252 $3ox] g4x
5 34 & AR, AR7)7E B9k AlLEA 95%
Os5% COyF 23 &s IFHZ(Minipuls 3,
Gilson, Zetx)s o]g3te] A2 (2-3 mi/min).

A&

A5 Aol ALFR Arkgele] 24 (MM)S 252
Sucrose, 2.5 KCI, 0.1 CaCl,, 2 MgCl,, 10 glucose, 26
NaHCO,, 1.25 NaH,PO,5-2& FA=gon, ubdst 2
AeAFE J15e] A Alxe) gele] 4L 117
NaCl, 3.6 KCI, 25 CaCl,, 1.2 MgCl,, 1.2 NaH,PO,,
25 NaHCO;, 11 Glucose °]%laL 95% O,-5% COs= &
Tkl pHE 742§k AZW gl 150 K-
Glu, 10 HEPES, 5 KCI, 0.1 EGTA, 5 MgATP, 0.3 Na
GTPZ 283518, pHE KOHZ #7lsle] 7308 =
Astgdch. Ao AH&3F tert-buthyl hydroperoxide (t-
BuOOH), phenyl-N-tert-buthylnitrone (PBN), ascorbate
oo Sigmark (1= )elA Flsksiet. Alzel] Hgk A¥
golo] Age FHS o843 AFAA (BPS4SG Ala
Scientific Instruments, =|=1)%E o]&3le] 7|5-&7] W &
A48 2833

N

71428t 7] Sk

wAQk 2l A AS- 7]15-2 whole cell patch clamp
ws ARESIodt. vl S A=) (PP-830, Narishige,
ol #)o} microforge (MF-830, Narishige, @) o]-&3}
o &7 15mme] A4 feu|AlEk(T150, WP, w|=)%
Age] 5-8MQe] HEE 75HASE AFEisict. 104
o] Eel=g A4 ol F-915 IgE F HTol <
S 7hsbHAl wlA] AS=247](ROE-200, Sutter, ©]=)
S o] &sle] 307ALE FAISFA Azl AZEHsct
Sed tests AlYshA] Alzo| AHZsle] Fsle] #gle]
T g Flsle Zlog Alxe ZATE I ¥
S EA b 7hsle] AlEete] gigeohm seals €]
Fock. Agtst AFZAol= Axopatch 200B 57
(Axon, =|= )5 AF$s13aL, o] %71+ Digidata 12008
(Axon, w|=) ADH3Z|E Eslod el Al
=, pCLAMP software(Version 8.0, Axon, == )5 A}
&ste] Aol WEy ozl ArjAlse] A4 2
Aol o] g5}k, whEl Af+= low pass 8-pole Bessel
filter= 2 kHzZ o}3}3}%)

HFTds AT flsted skxE2 gsl f2] A"
< o|&sled bipolar AS5 AFsledet. o] S dn]
73slollA AgFoll ozke] g9he Aol dAIA FA
H=E sl A7)A57](A360, WPI, w|Z)E &5}
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AFAFE AAsgom of AFel da FusEE o
FEY FHY AME F ARE 71 sgitd paw
AR A $HG el AsE AR AZREE

AEsigict. 25 Age: AEelA Aldsisict.

ARz £4

AP A5e] 42 Mini Andyss program (version
6.0, Synaptosoft, = )s o]-&3tda =haglel A2
Clampfit(verson 8.0, Axon, ==)& o]g3lict, o=
3} opEA Alelo] FAF R fol7t Ato|7t EAsE
29| o}¥= paired ttests o€, p<0.05l4 E
AAeg folsictar IAeiqct. EAARS] Fh2 Hit
I F 22 (meant SEM.)E FA|8Hc)

Al
=

o

21
A5z ofmd A X A7) A 54

7155 17549 SG AE F 1291] AE(74%)= =
3 1Aclx BolFe AlAAZe] SAE 7R JSiH

A B
55 mV J/ 23 i&
- /
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Fig. 1. Electrica activities of substantia gdatinosa (SG) neurons
(A) and glial cdls (B). Top, membrane potentials recorded in cur-
rent clamp mode in response to injection of current step. middle,
membrane currents recorded in voltage clamp mode in response ta
step depolarization incrementing by 10 mV from a holding poten-
tia of =70 mV. bottom, spontaneous excitatory postsynaptic cur-
rents recorded in voltage clamp mode from a holding potential of -
70mV.

AFaAgHol|A 7158 AFE o]E3o] AXol| FAFE
Ao Jlele o FEAst
A —45—68 mMVE thefsigict. Astagdo s whA
s -70mVE A3 T 10mvA4 wAHe® BRES
A1 75w 27]9 whE sk AfFe} olox= Ea
A== g AFE 7|55t o] &R ARAE
o] &sle] Fqlelxl= ket 7)o whE ek AR
= 4 ARE, 22 &5 ey AR+e 2
F AFE A7zte] oAt

fFAAY —70mVelld] x&H oz AR 715395
o 2ol Wy ARE 7|EsdEd ol o] A¥
oA AFE3E gollo] o] FEE aHT uw] JAAgte]
omV F2¢l T34 AT AR Aoz A7tEw
AAA APAT AfE o]2F JAHAge] —70 mVol =
2 AER] ks Aew AlgEr)

49702] A|FoAv= 2 1BolA] RoAFE= Al aA|E
o] 545 veploh. oA AT Al F5Agte] wbys]
2] egkar whAgke —20mV H-Folgl o Mgk ol

=
. o] AFoAE A} Zo] AAAMELY EAEL Hol=
A ZE Aesle] AEFHS AA)EH%

10 mV
+-BUOOH Amn

! 1LL.ALH bbbt w1k “ L Jmmv
+BUOOH £BUOOH PBN 1 mM kL

sl JJVJAM”«WI lwiv.h.ml”.vwm 10 mv

2 min
ﬂ Ascorbate 500uM
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il A |10 my
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Fig. 2. Effects of t-BuOOH on membrane potentia of SG neurons
in current clamp mode. (A) Axogeneous t-BuOOH (2 mM) applied
for 7 min caused a reversible membrane depolarization and firing
activity. t-BuOOH did not cause membrane depolarization in the
continued presence of PBN (1 mM) in the same neuron. (B)
Pretreatment of ascorbate (500 uM) attenuated t-BuOOH induced
membrane depolarization and firing activity. After wash out of
ascorbate for 30 min, t-BuOOH caused membrane depolarization
in the same neuron.
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otmA Al £ FEA el A3 +-BUOOHS &3}
Arager AEHer wpHghs 7| 5eA t-
BUOOHE A2l slsls ol o 4 §F 158 F7H
1-15 mVe| BESro] HAIE ] (3.1+:0.5mV) 472 A
FolAe BFAste] wAFEom ole ofgo] X3
A 9k golog FAFAlw 5¥-30% FoF ALEH F
A8 AR 35-=%0ck(n = 3B)(Fig. 2A). =14l
FAkstAll PBNS A A2]gt & t-BuOOHE 7o 3}

A Control t-BuOOH
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Fig. 3. Effects of t-BuOOH on neurona excitability of the SG
neurons. (A) Changes of discharge properties after t-BuOOH admi-
nistration in atonic firing neuron. Action potentials were evoked by
direct intracellular injections of current pulses of increasing magnitude
(50 pA steps). After t-BuOOH trestment, the frequency of action
potentials was increased. (B) Changes of discharge properties after
t-BUOOH administration in an adapting firing neuron. After t-
BUOOH treatment, the neuron generated few action potentials and
adapted. (C) Bar graph showing the average frequency of evoked
action potentials in tonic firing neurons (a) and adapting firing
neurons (b). *: Values are significantly different from the control by
paired t-test (p<0.05). Means = SE.

Fe v B Amot asislon giel Alx F
] Azoe 23] FHEFo] A= UH-1.0+£1.0
mV, p<0.01). &3} vitamin C= A A28 +(Fig. 2B)
o= t-BuOOHel| °|gt e-t=-& dA3] =9l
(0.3+0.9mV, p<0.05)(n = 10).

A|Ze] 50-100 pAS] FAFE wHAFCE AS319S
o] &EAske] 7IEHA=(n=31), o] T 1242 A%
(39%)lI41= 300 ms-129] #5717k F<F FEAge] A
%207 7155 tonic firing FEo|%lom Ym=] (61%)
= AF717k Et FAske] Hl=r} Zh4s= adapting
Fr2o]elth(Fig. 3). Tonic firing FEoll4+= 100 pAE
AF519S w) BEHgte] 14.4+1638)9 Hlzg HRYE)
H=dl t+-BuOOH Aol ¢Js) 18.1+1.83]% -f2lgt &
7}5 2.4t} (p<0.05)(Fig. 3A). Adapting r-EollA& ol
ZollA] 6311289 HlEE R t-BuOOH Ao
oJejalE 4.9+1.63] % FH4slolon] adaptation @Abo]
vs F7kele AEgE 29ch(Fig. 3B).

ZTEA AP 2T AFo 3l t-BuOOHS &3}
APk ZHA] AHAT AR-(SEPSCspll gk t-BuOOH
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Fig. 4. Effects of t-BuOOH on spontaneous excitatory postsynaptic
currents (SEPSCs). (A) Continuous recording of spontaneous
postsynaptic currents (SPSCs) a a holding potentia of —50 mV.
lower records. Traces of sSPSCs in the control (left) and under the
action of t-BuUOOH (right) are shown in an expanded scalein time.
Note that spontaneous inhibitory synaptic currents (upward) aswell
as excitatory postsynaptic currents (downward) are recorded. (B)
Cumulative fraction plot of sEPSCs interevent interva and
amplitude. After application of t-BuOOH, both the frequency and
amplitude were increased.
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o] azs s S8l %ﬂﬂd%% —70 E= -50mV
2 3AskaL AgH oz AYA A 715s8ic -50mV
2 fAska 715eisle W A 2l akEke] 7 sk A
F7F 7155 o] ATellA AR Addgee] =4
3254 (Moore 5, 2002) Aekaly-& A AY
- A-F(IPSCy)e] L sFke-& SEPSCs o|t}. t+-BUOOH
Folaigle wl] ofEFo] Ao H]ﬁkﬂ sIPSCs?t SEPSCs
wiollA wlxel a7]e] Frt AEASH(Fig. 4). F
A}t =70 mVell4] 7|25 sEPSCe] t-BUuOOHZS Fof
AL wl= wlxel 277} Yl2F (34407 Hz, 159+
1.1pA)l Bl8] 7+ 11.9+2.8, 20.9+21% F2laH] 5
7Fek3et (p< 0.05)(n = 12).
TAAE A=l 2Jste] fksle *é Ales A
Froll gt &3H(eEPSCe)E 7]i~} ] al
—70mVE st g o FYATE o]&sle
0515Ve] A=+ 7shaet. ok
/‘]ﬂi—.—lﬂ A3 ARE b Alzaks AlElEle] 75
slglom(n=14) o]+ =AM A F oF 3B5%ZT A
Sk Qgch. o5 1:}01 AP AE & AE)
S 7FRa YA

Fol| os) dXAFE
delAE QA gake A7) A 54 s

™ o 5

ffr

A Control B pre PBN
t-BuOOH 2 mM t-BuOOH 2 mM
_ |sopa 50 pA
20 ms 20 ms
250 4 ? 250 4
<3200 E T <3200 T T
[ ()
E 150 :S 150
[ g
£ 100 4 E100 4
50 50
0 T T Or T T
Control  t-BuOOH pre PBN t-BuOOH

Fig. 5. Modulation by t-BuOOH on monosynaptic evoked postsyn-
aptic currents (eEPSCs) of the SG neurons. eEPSCs were increased
after application of t-BuOOH (A), and when dices were pretreated
with PBN, these excitatory effects were blocked (B). eéEPSCs were
elicited by eectrical stimulation of the dorsal root and recorded at a
holding potentid of -70 mV. SG neurons exhibit monosynaptic A
fiber-mediated EPSC (A) or monosynaptic A and C fiber-mediated
EPSC (B). *: Vaues are significantly different from the control by
paired t-test (p<0.05). Means = SE.

Igdler, AMST Aol ogh shgul WolAv(Fig.
5A) Aol CAfroll 23k slge] o] 7|E=7|= 3}
oct(Fig. 5B). eEPSCsE 7|53h+4] t-BUOOHE Fof
3191S o) tH=7-(187.5£20.5 pA)rcth FolakAl Folet
9L (224+23.8 pA, p<0.05)(Fig. 5A), PBNo& ;q
A28 7(194.5+34.0 pA)rlAE t-BuOOHS #2]s

< wl] eEPSCse| S77} s A %‘;}4(190&39.1
pA)(Fig. 5B).
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714'!1’: o]._;]pd .‘H‘E_Q_ -?‘—E
ZHAR Y] A e e ‘%0} &7 Wia

Ao AL Eze AxE Ade A% ug 2
Aroe Be TRs AAADEAe] o AAAZE A
Wz AR A Fe Ada B slelskn

AUet. TS olEdt ARAL AA Folr AE5H
Al AT o3l Al 7Rl el WS} ks, ol
gk WSl o3l S A7t A= Az wkAe ot

7} whESe] AlEr|Aeleta A ok T3l
Zﬂ‘?——fP—} frEe]l AR wE ATl olste] ¢

nl7bshA vbSsh o] W FgokEiEe] qlE AlsE
HH=rH(Cook 5, 1987; Woolfe} Thomson, 1991). NMDA
&A= 127&74“— uiZfSla B2 oA HPAlEe] o
2] W3slo| Fhodx]e] Qlrh(Woolfel Thompson, 1991,
Willis, 1994; Woolfe} Costigan, 1999; Woolfe} Salter,
2000). HZxollA= &4 e FAAIE o 2] wHeE
A (ectopic discharge)zt 72 u|AAZ 2l 3Ado] by =]
3 age] Agol G wlA FRAAE AAFT F
| A]Z71eH(Sheenst Chung, 1993; Yoon -, 1996; Devor
¢} Sdtzer, 1999; Chung®} Chung, 2002; Sukhotinsky
S, 2004).

ROSY| 3 F7al t-BuOOHE AlEuhs 44 E3jat
T dx F7] FAEEA (hydrogen peroxide)Z = 9F 3
ol o] Hzxlo} ¢Jrh(Sohn &, 2005). ©]7-& t-BuOO-
52 t-BuO- 2 tirks]o] 21 ks (lipid perOX|dat|on)
S Gurslod A|Zol £AMS Fri(Abed} Saito, 1998)
| AZAZE WAA dakskEA]l glutathioned] 5
7} AL Aks o] &) FobA o]Edl AlSkR}F.]l ﬁ “J
7kslch(Calabrese 5, 2005). Z2v} ROSE Al Z54 3}
B2E A% olelo] ofe] AR A A5e zAshe
A]EELH *1121 gEdegs 283k3 Qloh(Droge, 2002).
o5 &4, TGF-B1(transforming growth factor)e|x} EGF
(epidermal growth factor)e} 72 AAlalell o3k 4%
A A= dAH R HakskrA A Eske] Al
ZA1 Fuysialyl 7he AAA9] A|Ze] 758 A=
o] F23k g 3ch(Sobey &, 1997; Vada 5, 2004).
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Kamdere} Segal(2003) #Akskr47) slinpalZollA] &
Tol web LTRR} LTDS -Fskgdcka shelem Klann
(1998}— superoxide’} dm} Al ZollA LTPS -fitsle

5 Aagae] 2w Hofstu ek wak HZole
Rosﬂ TRl Hoiso] ginta B sy gled,
tirilazad(Khalil 5, 1999), superoxide dismutase(Wang
5, 2004), PBN(Kim 5, 2004), vitamin E(Kim 5, 2006)
3 e chokgt FasAE AT T Atz
ojgtell ojs] AEEAE Fpxlo] Basgict. o|ejdt Az
Aol Bkl §F) PAsh Aol ofaln
18-S ou|dl= Zo7 o] oFoiE AAz H4AH
A 9ol A] Foddt t-BuOOH~} ofid Alze] =hd

)= R N

HEFAIA A AE ARS SRIEE @

rlr

O

°0 2y
hmlo__n

[e]
.LL4

H
al

boieh.
o] 7oA t-BUOOHS] Fofof] o3l 2-3% g A
A3 wAElaL oFEAlA Folx 5-30% Et FAIEE
el B¥as 25AYs PAel B2selekFg
2A). WAAIZko 2 Hel oleldt Whgel: AT 2%
Akr)gle] Bolsha gloelel 2T & ek HOx
S AT AL el F1E e,
olx L3 ZAgEREZ I A]9) 741/}(Aka|sh| 5
2004), TRPM2(Wehage 5, 2002), ryanodine <&
(Favero 5, 1995), IP, o84 E2(Hu 5, 2000)¢h %+
L AR e S 2ASHAY, SERCAS 78 24
29| =4 (Redondo 5, 2004)l <J3le}. AlEe] F7}
B e oxAtEAE 28d 4 gla Na-Cd o
3717 FA3H(Hirono 5, 1998), v]Eol4 oFol& A
5o ﬁy}(Chuang =, 2000)= OHLE]_o:] ul;dot}-v/] F,L
e g g 9ol olEgt Aol o ==l A<
HEgo] ke Q.
of &gk vk EAIA F UAEE

sjis)E sleddel gL nelErl(Fig. 24, 4A), ol
ROSY 242 od7del AZ 5%
] o] o]_q x%xlﬂo] *]2174%711/‘11./] z}.@.

2 Zulgk AkskAlSoll o8t dAHel 7e wHEE o
-°— = A=zt & 4 ok RO o3l k== oy
2k ko] WH3lol] gl AN AFelAE T 27
off ZH-Fo] wblHe] was| glc}. sule CAL &
o]} Zxle] ujul Fu] FEolA H,0, Fofoll sl 3}
%T;L.Q_ 1—-{5 oﬂl:l;q] o]‘— 71-/* _4__/& K* fv.g_q ;@L/H
sht ATP mizHd K E2e] A4stol] os) waiste] 4L
SpApFoll fe] AEE REdhe s doka st
(Park 5, 2003; Avshadumov -5, 2005). Lzji} o] <l
TFollAs AEW golo] ATP 555 5mME ARE3lo]
7188 ME F 5% o|5ke] A|zolAul t-BuOOHS F
ool 3] o] FUES WAL,

A5 ofwd AT BEF Aol o8] B B
T Rl whel A=717E Fek AL S

me o

< ¥olE tonic firing &3 AF7)17F B9t A
o wlxr} Axp 7hshe adapting FEOE q‘“ﬂﬂ %
Qe (Fig. 3) o] A&l £ adapting +2°] 60% *
T #¥E5 Ho] Schoffnegger 5-(2006)2] 1,1.2} FAFsH

ek, Tonic firing & g4 4v F (L)t
delayed rectifier ZEFFAT(KpR), 7L—’E%_}Xé§} JL_Eh;;ﬂ
W(KCa) ol o8l FAk(firing)e] M=} 2A= gl

L adapting T2 L2k Kool SAIsh Al 27

7} tonic 2ol ®l3l o] 22 AeF deFct (Menick
%, 2004a; Menick %, 2004b). H,O0x& o8] < *
Bl A, 5 Kpp, ¥ Q38 ZelpdR(K,), A=
=7F 2L Ag@dAst relgAR, K94 ZelsAF
(Kp), M ZelgA el 4235 (ly,) & ohefet A
shejEA o) TR IS sl whHEskEt A4
= Z?**M(Munerg} Bittner, 2001; Chang 5, 2003).
Gruss 5-(2006y> 315 FA17474 A|Zel4 dendrotoxin
of wlztet F el vr(KD)— zheksle] adaptatione] e}
A3 AT AFS B35 A7)0 o wl=s} 7+4
she das Aol wheba o] olTellA] ZsEste]
Hl=7} Welsl= A= (Fig. 3) t-BUOOH7} #3te]&A]
TR FA3E Ao SIS Hlog AjrtE]H
T 7HA9 firingE FolE FrRo4] vkgo] thzA e}
e 2 AFe] el 2t o= Aol e F
PR Felsl] ¥z} gt

AFe7 733 AA4EE o3 FAAEY 34 FoF
o o3 glutamate’} Z7FE AV E-& A|PaA FEe
ZFabaitlol] A5 glutamate transporter7} ROSI ¢
3 A" e g A HA F7ke)| glutamater 571 A
Wit o AZae] EAlsk= NMDA 8471 3
43 8t=| = (Smythies, 1999), o]oi4 243} & NMDA <
AT Axd Ca® "I/ dodla o] A2 ROS
T4 7 dogAY PKCE E4st Al7lvh. PKCe
Alszol] WAl=]e] Q= AMPA &A15 ARt F-2hA]
7 (trafficking) S-54 A|H2% A F7A)7)Ed, ¢
ATolA] EPSCse] 27|, ulwe] Zrje} o]o] wla Fx
Aol F7ke o] Fel o8l i EHUE R F
& g dnk =3 AT A9 i7l7P 7= E}
2 o2+ glutamatedl] o3k &A1 Fse FUtE
28]5]= glutamatel] AgE= 84 47 ST
A YT gA|e] Axmrt Frlsle] B o]E olF
AA Aol 2717 F7FeIel7] wielot (Perraistt Ropert,
1999). ©] <ATellAE t-BUOOHS] Fofol ¢]3) SEPSCs
o F7ke}t I Axw A @ov §IPSCs?| S7k=
As|o(Fig. 4A) H<rollAe] Bzbdwto] tgh Fpakslea
o &= A 7—}&6}04 A=A HvE
2Asle qdroe oE 84t o FesH X—P"“‘
T U AolEt 25T o, o] Ay oflad

Zoll4] H,0p0l 8] EPSCs?] 57H(Tsuzuki 5, 2004)
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9} 3 IPSCse] F7b= #E oA o] ol (Takahashi
%, 2007)2} dAEh, o5 AlRATLEAL] Fv|FTt
7b FE P, 7EAE 59 Az ZemEoldl o8 =
AE ok shodnt.

o] A o] oIFolx FAksHAIl PBNS A4 Folof 2
3l EE@BE—-E ZaAA ROSF Tkt o8l #e3
49 doge Aolgl =389k (Kim 5, 2004), ROS
A A €] 7}_< <AE A7 2o} £AkE] A 3
A7 Ao A= B e (Haey %5, 1992; Levy 5, 1999;
KhalilZ} Khodr, 2001) ¢]2]gt =% ROSE EZ4HY
of sl E ATl ROSY| FF7HEel gk &3} ¢
Qo] HE7Aol| gk avk= ERElof & AoRE Alast.

o] =i 2005d%= UFistare] mm]x] el o]sliA
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