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ABSTRACT

Change of base excision repair proteins

in the epileptic hippocampus

Kyung Won Cho
Advisor: Prof. Jin Ho Kim M.D.,Ph.D.
Department of Medicine,

Graduate School of Chosun University

Backgrounds: Endogenous oxidative stress can cause various
neurodegenerations by abnormal DNA repair, and base excision repair to
DNA damage plays a key role in the maintenance of genomic integrity. In
this context, base excision repair should correlate with the oxidative
stress—-induced DNA damage, since the neural tissue 1s a post-mitotic
tissue. To investigate this hypothesis, more area-specific animal model is
needed and the epilepsy model induced by domoic acid is the most
interesting. Domoic acid is known as a kainate receptor agonist that
produces excitotoxic injury in the brain. It also is well known that the
hippocampus had well-developed glutamate receptors.

Methods: Domoic acid (0.75mg/kg) was administered intravenously via
tail vein and abnormal convulsions were induced in the male
Sprague-Dawley rats. On scheduled time the hippocampus was removed
and examined by Nissl stain, immunohistochemistry and Western blot
analysis. The expression of base exXcision repair proteins,
apurinic/apyrimidinic endonuclease (APE) and 8-oxoguanine glycosylase

(Oggl), was determined in the hippocampus at 4, 24, 120 hours after
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domoic acid treatment groups (n=5/each group) and compared to that of
the control group.

Results: Nissl staining did not show definite degenerating pyramidal
neurons until 120 hours after domoic acid treatments. APE protein was
mainly distributed in the principal cell layers of the control hippocampus.
A rat sacrificed 4 hours after domoic acid treatment showed widespread
increase of APE immunoreactivity in the hippocampus including the
principal cell layers. From 24 hours after domoic acid-induced epilepsy, the
immunoreactivity was reduced and restricted in the pyramidal cell layers
of hippocampus and in the granule cell layers of dentate gyrus. Oggl
protein revealed low level of staining in control hippocampus and observed
only in the soma of pyramidal cells in CAl. At 4 hours after domoic acid
treatment, Oggl immunolocalization was observed in the nuclei of principal
cell layers of hippocampus. Thereafter the immunoreactivity was only seen
in the pyramidal cells of CAl, but rarely observed in other cells of the
hippocampus and the dentate gyrus. In addition, APE or Oggl protein
level was transiently increased at 4 hours after domoic acid-treated rat
hippocampus comparing with control rat.

Conclusions: These results demonstrated that domoic acid-induced
epilepsy results in increased expression of the APE or Oggl in
hippocampus, although there was no degenerating changes under Nissl
staining. Neurons with oxidative DNA damage exhibited increased
expression of the APE or Oggl with area—specific appearance that the
Oggl were easily disappeared in the pyramidal cells of CA3 after domoic
acid administration. This raises the possibility that base excision repair
response may be associated with the oxidative stress—induced DNA
damage and transitorily contribute to prevent serious neuronal damage at
least in the CAl area. Although this study demonstrated that base
excision repair systems were induced with excitotoxic stimuli, the
relationship between activation of the DNA repair response and neuronal

death in the CNS remains to be determined.
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2 OEFeta vk (Martin, 2008). 34, DNA 17]1¢] 3tah# wstz
cytosine®] ®oln =32 WA E  guanine®lYt uracild] AF3AHE<Q
7,8-dihydro-8-oxoguanine (8-0x0G), 8-hydroxy-2-deoxyguanosine
(8-OHdG), 5-hydroxyuracile] o 7]e] 3t} &4, mismatch7} 9+
d, 2 DNA EA Fol 97|17t 258 22 ofFHA dAdT. Al
A, DNA backbone Aol 7% single strand breaks (SSBs)9}
double strand breaks (DSBs)7} gl=t] WALA 3tstE2 A A 5
o] F dlejth UdAl, d7|Atel9] crosslink7} J&=dH T2 ZLjd X
Attt Al A& A TS

DNA°l =38 FH8R= AxY AL da¥ vds Ad=E
dasojop sh7] o] DNA &2 Ads] s&s oo 3. DNA
TE 7L ved 2ol w®sta vk (Fishel 5, 2007, Martin,
2008). AA, £ F9E AAstar M2 A= excision repairi®,
DNA 7] &A% E3E base excision repair (BER)9} & 7] AFo] €]
crosslink®} #2 bulkky DNA <£4=%& 483}= nucleotide excision
repair (NER)7} Stk &4, DNA <7]9] #X® A4S FhH3h=

mismatch repair (MMR)7} lt}h. A1 A, DNA backboneo] #o]x 7%
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& FE3= A3} (recombination repair)e] =], o= A
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.
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(temporal lobe epilepsy)®, 3&lv} (hippocampus) wWel Al

EAdHow #HET (Lado 5, 2000; Coulter
T, 2002). #AFE] WA E olsslr] g WHoRE sE B
a2 ALg35F=d], 7ol d At (kainic acid)o]Y pilocarpine® #2338k
Edd o3 A RdN QA= o3 pEArdR SRS £ QA
(Coulter %, 2002), ¥2e] A== Racine (1972)3} Hesp % (2007)9l
& "3 HAT (£ 1). Froldste 2F 82 (L-glutamate) 3 72+
< SEA AAAdE=E4de #fEE zdsted &9 SEEA
(excitotoxicity)'& 28 4 Qdrh. Floldile] 2&et= =F
24| (glutamate receptor)”} alm} Wol| sz =357 o
nhe S S Hd Xor ERdH. o] o 2k
=4S A F 7HA VIdews dedn: 1) ZAEd
influx) 22 Zg &4 HAX W A5 &Aste} 2) 28k AE A
(oxidative stress)®} A}-7] (free radical)oll o3k vz 212 DNA

9] &4 (Naegele, 2007).

(neurodegeneration)©|

LEXol4E (domoic acid) 2ol o3 AFH AlH2REH <4
A ZFEHA FE8A e #Este FheldAt FAAIE (Wright 5, 1989),
Fholdatrnt 273 wf Ak ek 2E& dEblaL, sk Well M= CA3
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o Az 2gS yYEFATE (Debonnel 5, 1989). =R.o]4ke] 2] 3|
Uetts HEE gheldatel o frR® by vl fFARST
(Colman %5, 2005; Scallet %, 2005). t}9t = Ro|4ke)] o3t 7+ o 7
S AAl @R Hls] FA] (staring)?t A EA QA A (persistent
scratching) ®¥r-§-°] WEetb= Fo] SA oAt} 4, bel-2¢9 bax &
A ZApEARE B QAbE ERoJAMO R WAS Fibgk A 1641
Ayks W dAHoeR  FUFSEY AL,  terminal  deoxynucleotidyl
~transferase-mediated dUTP nck end labeling (TUNEL) &4 23}
AL (necrosis)®l MEw= E2S fdsta 5do] v CA F93
M ¥

et sivkel detul Az #FEH AT (Ananth 5, 2001).
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2 (BER)Ol 9l&l +5¥t} (Fishel &, 2007). 97|57 dd+= v
I 2E gt g4 xgEnh AA, A7 AAC #HAsE 8-oxoG

DNA glycosylase (Oggl), endonuclease III (human homologue Nthl),

=

N-methyl-purine DNA glycosylase (MPQG), uracil DNA glycosylase
(UDG), =4, AP (apurinic/apyrimidinic) site incision®] #¢]3l+= AP
endonuclease (APE/ Ref-1), A&, repair synthesisol] #¢]3dl:= DNA
B-polymerase, YA, ligation 2 &2 5o #oJsti= DNA ligase
ol t}.



Table 1. Scores allocated to observed rat behaviors’

Level 0 Resting Sleeping
Snuffling/Floor licking Air sniffing
Wall climbing Walking
Face washing Genital licking
Grooming

Level 1 Blinking Squinting
Frozen posture/Staring Bracing
Resting in an unnatural state Body scrunching
Mastication Vocalization
Panting Piloerection
Hiccups Heaving

Level 2 Tooth grinding Mouth twitches
Head tics Head tremors
Head bobbing Head weaving
Head shakes

Level 3 Wet dog shakes Hind foot biting
Forelimb twitches Hindlimb twitches
Forelimb tremors Hindlimb tremors
Forelimb clonus Hindlimb clonus
Forelimb tonic-clonic Hindlimb extension
Scratching Running or circling

Level 4 Whole body twitches Whole body tremors
Loss of balance Rearing/Praying
Salivation Foaming at the mouth
Straub tail Tail whipping
Myoclonic jerks Bilateral clonic jerks
Rigidity

Level 5 Tonic-Clonic convulsions

*This table was quoted from the previous report of Hesp et al. (2007).
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Z e 2kshd DNA 4S5 fEst
DNA 5 7]do] &Adstett (Naegele, 2007). DNA

e AAAEe] Aol MestE Ao ® DNA &5 71de &gt} 4l
BAIES] AbE Afole] Ao tE A= vRIgE AEjolt wlulE FH
of o]Fojxl Ayl o5t FhojdAte] o3 Fi¥ (FERE] afujo]A
DNA & a® Aol Ref-13 X-ray repair cross—complementing protein 1
(XRCCD o] F7tstd ey, sAle] pb3y} TUNEL ®H&% S 7FetddA DNA
T gy S AAAEY] AMEE e e AW (Quach F,
2005). ¥  DNA ligation®] #oJ3dl= DNA-dependent protein Kkinase
(DNA-PKcs)7F =788k DSBsell 9f@ll =5 %11, 53] siute] CAl-3 99
of depulAzA EHYAE W3yt #EHAY (Neema =, 2005). L8y &

A3k DNA 5 @id: F5A7479 il wef v whas 501715
star, @ A3k whe} 9hE-Sh= DNA 5 ddido] gebd & Qe A=

4zl Apdolt (i 2. Fishel &, 2007).
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Table 2. Base excision repair variations in brain aging and pathology#

BER Variation Pathology Tissue
i Seizure (kainic acid)  Hippocampus, Pyriform cortex
Hyperoxia Forebrain, Hippocampus
ALS Brain, Spinal cord
APE ! Hypoxia-ischemia Hippocampus
Cerebral ischemia Hippocampus
Compression injury Cortex
Ischemia Spinal cord
7 Ischemia-reperfusion CNS
Oggl Parkinson's disease Subtantia nigra
! Aging Cerebellum, Brainstem

“This table was quoted from the previous report of Fishel et al. (2007)
and partly modified for the purpose of this study.
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A5 2 W (Materials and Methods)

] (Animals and Treatment)
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>
o
off
e
ek
R

=4 5 8F ol ® 47 Sprague-Dawleydl BHE Algsch 72 A
ATES THTE FAT dx=vw (n = 5 Ee E=XolAE (0.75mg/kg;
Sigma, St. Louis, MO, USA)& zgld™W Y2 Fo A+ (n = 20082
Utk ERolAE Fo] § 7 AEEES FYe 4 (chamber)ol 2i 3

T W V€Y HauE SAZ b, #EsAT
(3 1 #31). " kg 22 (tonic-clonic convulsions)©] 1A] 3t

o] T3 2 (status epilepticus)oll ©]& TELS LHo|A Fo] T 247
ojyel AFEtA T (n =2). HES FEAS F Ao o]2A e =S T
22 vro] EROLE FAL F AAZE (n = 6), 24417 (n = 6), 120713t (n
= 6)°] At F YA

RESELEIERE RCESELE R

(Cytochemistry and immunohistochemistry)

y

AEZA5e2 WEt 5 W xzAstets dAs fal dEH= niHE =
sttt olF HAAS 38 heparin (250 unit/ml, T<lAlhHS H3 A
T2 AF AFI 0L, 4 % paraformaldehyde (0.1M phosphate buffer,

7 AASEAT sntE A Estar wAdE oo 4 T

o Al 24X A A AY. 1A H AL TAY A, g5, B 4
AS AA F83H 27 2y (Tissue-Tek, Sakura, Japan)ES A3k & 5
m TFAZ A5 HHS AFeGt (Leica RM 2155 rotary microtome,

Nussloch, German). Z#H& w® 10 v wmitp Adste] =47
Hematoxylin/Eosin (H/E) 923} Nissl M-S Al gste] A stx EAS 3
NI A=

WAz sletx A e dHS 0.06M 14 9E21 94 (phosphate

buffered saline, PBS)oll &7 A 3s = kst 4 (hydrogen peroxide,
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HyOy 0.03 % in methano)E F7}ste] Wield Hikstase] €4S oA
7l o+, 05 % bovine serum albumin (BSA)#} 1.5 % normal horse serum
(NHS; Vector laboratories, Inc., Burlingame, CA, USA)¢] X3st¥ PBS &
of 1AZF AHgs & A 1 FAE HSAHT A 1 FAZ 1) mouse
anti—-APE (Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA)¢t 2)
rabbit anti-Oggl (Novus Biologicals, Inc., Littleton, CO, USA) 3-A & A}-&
Atk Al 1 FAE BSASH NHS7F 23h% PBS &9¢ 7}7F 1550002 3
Asto] 4 Toll A 48A1%F “sF REGAIZ T Al 2 A= Z424e Al 1 A A
of wA A8&3t¥ kit ImmPRESS™ reagent, Vector laboratories) & ©]-&&}
o ALoA 1A FF HHEAIHT HAL 0.05 % 3'3-diaminobenzidine
(Sigma)= AH&stlom, oggol

(Shandon, Cheshire, UK)oll 5 ¢istich Al 1 &4 == #| 2 A5 A=Fst
I FUd RS APgsozn UA WS- (false positive reaction)= 2l

sttt

T3 ¥ xylene®l F%, polymount

7 (Olympus BX-50, Olympus Corp., Tokyo, Japan)©o. = 3zt & & 0|7

of 211 dZ2%" gx¥ Zhvgl (Olympus C-4040Z, Olympus)= =

Art. olgEA dojx A4S AF3staL, Adobe Photoshop (Adobe system,

San Jose, CA, USA)S o]&3] e 7] (brightness)®t WlZ (contrast)E
g3 &) g AdS AldskATh

3. Western blot ¥4} (Western blot analysis)

Western blotS $3]A odHdl Aj7te] A3 F5ES &5 #2 (decapitation)
ez AR 5 AR sjvkE E=gfo]ofo] A9t isopentane©] &g

SR T3] YAz WEs FdEHE BRIAAA v Ao ALEstA T
Z2 05 mgs 300 pl &3] &5 (lysis buffer; 20 mM Hepes, pH 7.4, 2
mM EGTA, 50 mM-glycerol phosphate, 1 % triton X-100, 10 % glycerol,
1 mM dithiothreitol (DTT), 1 mM phenylmethylsulfonyl fluoride (PMSF),
10 pg/ml leupeptin, 10 pg/ml aprotinin, 1 mM NasVO,, and 5 mM NaF)2

2 3058 EoF 0 ColA L34z & #23F (homogenization) A7 Th.
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Ultrasonicatorg ©|-&3sllA AEZE FHA|A LAEstar (18,000 rpm, 4 T,
15 ), AS5dS AA A A o (18,000 rpm, 4 C, 10 ). 5+ &<k
Od-’Jr"ﬂ’ﬂ 7FEsk & AV|9Es 98 @9 d FEE Bio-Rad dye-binding
microassay (Bio—Rad, Hercules, CA, USA)Z ZA A3t +=d], 20 ugel &=
S 10 % SDS polyacrylamide gels® #7495 A7l & @ AE=S Hybon
ECL membranes (Amersham-Phamacia, Biotech., Seoul, Korea)Z & 7]
AL stk Al 1 FAZE anti-APE (1:15000, 4 C, 24 h), anti-Oggl
(1:10000, 4 C, 24 h)E, anti-B-actin (1:10000, 4 C, 24 h) A& =2
2 o] &3ttt dME @ E-S enhanced chemiluminescence detect system
(iNtRON, Biotech., Seoul, Korea)= ©]-83to] 54 Tz Wty of & g
ek A .
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A7 (Results)

o3 iz HuFPS w, LE ERo|A FojFoa Izt
o] & = T 10%= T3 $Eom ERo|E Fof 24]
ool Abgskdh UHA AdEES FA (staring) ¢ 7] WS
(mastication)®] 197 T2RH, A &4 &9 (persistent scratching) ¥H§,
oroe] @zt (forelimb clonus), wet-dog shakes WH&-9] 3¢tA] wzats F2

B, A4l b 3 Aba e 59 vEE2 wEE A erdh

A4 zes Agwe AvhE HE E: Nissl 94 shol 229 2%
AL Aolde WAL 5 gk (Fig. 1.
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Fig. 1. Images of the hippocampus stained by Toluidine blue.

CA1l and CA3 regions contained normal pyramidal neurons in control rats
(control; B, D) and epileptic rats 120 hours after domoic acid
administration (DA120; C, E). Degenerating pyramidal neurons rarely seen

by Nissl staining. Scale bar (in A) = 400 ym in A; = 100 pm in B-D.
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hours after DA injection
0 4 24 120

APE

Fig. 2. Immunoreacitivity stained by anti-APE antibody.

Transiently increased expression of APE in the epileptic hippocampus after
DA  administration was seen by Western Dblot analysis and
immunohistochemistry. Low power images of the hippocampus in animals
killed at 4 h (B) after domoic acid-induced epilepsy revealed significant
changes, compared with the control (A) and 120 hours after domoic acid

administration (C). Scale bar (in C) = 400 uym in A-C.
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Fig. 3. High power images of CAl in the hippocampus stained by APE.

APE immunoreacitivity was clearly detected in the nuclei of stratum
pyramidale of CAl in the control rats (A). The immunolocalization was
seen almost all of the nuclei in the epileptic hippocampus 4 hours after
domoic acid administration (B), and then mainly restricted to the stratum
pyramidale (C). so, stratum oriens; sp, stratum pyramidale; sr, stratum

radiatum; slm, stratum lacunosum-moleculare. Scale bar in H = 100 um
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Fig. 4. High power images of CA3 in the hippocampus stained by APE.

APE immunoreacitivity was clearly detected in the nuclei of stratum
pyramidale of CA3 in the control rats (A). The immunolocalization was
seen almost all of the nuclei in the epileptic hippocampus 4 hours after
domoic acid administration (B), and then mainly restricted to the stratum
pyramidale (C). so, stratum oriens; sp, stratum pyramidale; sr, stratum

radiatum; slm, stratum lacunosum-moleculare. Scale bar in H = 100 um
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Fig. 5. High power images of DG in the hippocampus stained by APE.

APE immunoreacitivity was clearly detected in the nuclei of granule cell
layer of dentate gyrus in the control rats (A). The immunolocalization
was seen almost all of the nuclei in the epileptic hippocampus 4 hours
after domoic acid administration (B), and then mainly restricted to the
granule cells (C). gcl, granule cell layer; slm, stratum

lacunosum-moleculare. Scale bar in C = 100 pm
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hours after DA injection
0 4 24 120

Ogel

Fig. 6. Immunoreacitivity stained by anti-Oggl antibody.

Increased expression of Oggl in the epileptic hippocampus after domoic
acid administration was seen by Western blot analysis and
immunohistochemistry. Low power images of the hippocampus in animals
killed at 4 h (B) after domoic acid-induced epilepsy revealed significant
changes, compared with the control (A) and 120 hours after domoic acid

administration (C). Scale bar (in C) = 400 uym in A-C.
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Collection @ chosun

Fig. 7. High power images of CAl in the hippocampus stained by Oggl.
While Oggl immunoreactivity was only seen in the soma of pyramidal
cells of CAl in control rats (A, counterstained with methyl green), the
immunolocalization was shifted to the nuclei and induced in all pyramidal
cells of the CAl 4 hours after domoic acid-induced epilepsy (B). The
immunoreactivity was decreased thereafter, but still increased compared
with the control hippocampus (C). so, stratum oriens; sp, stratum
pyramidale; sr, stratum radiatum; slm, stratum lacunosum-moleculare.
Scale bar in C = 100 pm
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Fig. 8. High power images of CA3 in the hippocampus stained by Oggl.

While Oggl immunoreactivity was rarely seen in CA3 of control rats (A,
counterstained with methyl green), the immunolocalization was clearly
observed in the nuclei of pyramidal cells of the CA3 4 hours after domoic
acid-induced epilepsy (B). The immunoreactivity was disappeared
thereafter (C). so, stratum oriens; sp, stratum pyramidale; sr, stratum

radiatum; slm, stratum lacunosum-moleculare. Scale bar in C = 100 pm
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Fig. 9. High power images of DG in the hippocampus stained by Oggl.

While Oggl immunoreactivity was rarely seen in dentate gyrus of control
rats (A, counterstained with methyl green), the immunolocalization was
clearly observed in the nuclei of granule cells of the dentate gyrus 4
hours after domoic acid-induced epilepsy (B). The immunoreactivity was
disappeared thereafter (C). gcl, granule cell layer; slm, stratum

lacunosum-moleculare. Scale bar in C = 100 pm
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4. ¥do] #=d divtelX APES Oggl & ZF9 %3
(Change of APE and Oggl in the hippocampus of
domoic acid-induced epilepsy)

zae] siviel b @zto]l frw siviellA APE (Fig. 2)9F Oggl
(Fig. 6) @& o] k3 mlulstr] §18) Western blot 45 Al 338}t
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31F (Discussion)

1. 72 2499 {H% (Induction of temporal lobe

epilepsy)

pilocarpine N-methyl-D-aspartate (NMDA) %3}
5 ¥ o] g% 9t} (Persinger®t Dupont, 2004). &= X o]Ak& ok
Aoz o]t Ade] Zati= duldz sloldibe] B NMDA o] &4
GluR3/40 #Hg3t= Wb =R olAbe GluR5/6/7S =3l
Aze] 4 ABAGELS ERAZIY (Tryphonas &, 1990). &
e AlEA (AT A, neocortex) @ kel A A EAA AL AA
=42 GABAS #HE 9AIAIZItE (Cunha 5, 2000). wepA] ERO|E F
o o3t FFAAAY] FEEEE SFEY] B8] St GABAS] EH]
Ao w AZEW, 05 mg/kg oo &S Folstd
NAAEZ7F €453 (Schmued 5, 1995; Scallet 5,
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A 3EAFE AL (apoptosis; programmed cell death)¢} #& AL XA g3 W
Sl= 2 o] ftE £ 5ol AHysld FHulo o211, o] Al E ] A
A (regeneration)¢] HwWEth= R i7F Y (Ananth &, 2001). 281 &2

Aol AE WA F 120 Azt ARE AEeAE Nissl o,;&m Te A
o9 ol ge ug

Al M= H B §}E Holz AEE Sl
W B g %

o] wape] F dojyt Anz A7hHc
2. 4o =4 drtelA APES Oggl 44 uts
(Immunoreactivity of APE and Oggl 1in the
hippocampus of domoic acid-induced epilepsy)

TEHA X DNA &4 S459 AAdAEE H34d HEE Hol:

A4S zZt=v (Rass &, 2007). Q715714 w37 @45 oty =
Ao gralxlal, o] AAZE wske] Aol H & 9ls Wk ofye} 1A
A Az dAAE AAFHAJG (Rao, 2009). HANE =37F DyPsd 2
BAIES] Aol FRbE Zo=m AZtstF o, HE AT Aol ostd Al
BAIE] 5 dubdog HESE IE Y 29 T 54 A A EA
o] W37t yElve AeRE FAEST (Brasnjevic 5, 2008). 1#4 DNA
=l A ol dE FE71AY As7E w=3tE H o Akl A A
E= AAAE o4 ddoz YetueEAE P83 e ekokr oS
of IAFNE RdS ol &3 A Ade dvf W AAAMES] AES oW
gohar sjA hE el A (recurrent seizure) S TS FE ASS HoFEU

(Naegele, 2007). wepA]  dFAHoZE Z7]9 A =
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T AAAES E4E Foli, AHRE & o
g AT AEEHo o & Ao HZE
g4 24 (reactive oxygen species)= A AMEE A Qg A EZoA FFF
000 €719 &4 28 = AL, o o EdstA &= 4l

AAE A BA F 10° 9719 ado] WAFT} (Martin, 2008). 217 Al
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2005)3 #HS H wAAHEZE (Edwards %, 1998)¢] A -$+= APE7} Z7)38t
AA 8 EA (Gillardon 5, 1997; Edwards 5, 1998; Fujimura 5, 1999)
olt} W<4F (cold injury-induced brain trauma; Morita-Fujimura %, 1999)
o] oF71®l A9+ APE7F #Astdith Oggle] %%+ APESH T ot A%
5 BRIt FFABAEY d8-A#F &4 (Lin 5, 2000) 0|y &2 3
(Fukae &, 2005)¢] ZA-$& &40 fF23% HolA Ogglel wdo] F7ketsle
v, =3} (Imam 5, 2005)E 223 ¥ E7] (3%, brainstem)ol A+ Oggl®]
o] Haetn weba HlwA gk A A A WEl Zdd A DNA

T 71 WstE S8 ok o] & HAFeAMe HxE FHE vt
wgksl izl skt 1 A3 APESF Oggl EF7F 1Hdel os gAstd S
HojFa vy b obyel FEisty A+ A3 CAl¥ CA39 Aol A
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Yzl AAAES} ol wAEol A AAR T} dEE WSS ofy|e oz A
ZtEth (Naegele, 2007). 3tet&4d -5 ARESH (HA R A9 ABELE =
FEAE FEAE F8 vEiva, ABAE Z frelol ogk Aol o
ol olo ik Be &3E <lsty] ¢l NMDA &4 Z3&A (Brandt
5, 2003) = 45489 (Bouilleret %5, 2000; Sanon %5, 2005; Wittner
5, 2005; Liu &, 2007; Zhang 5, 2009)8 W& F43 o] F+& o|F2A
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