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A Sstudy on the Effects of Single and Repeated Electroconvulsive
Shocks on Neurons and Astrocyes in Hippocampus of the Rats
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ABSTRACT

Objectived * Electroconvulsive therapy (ECT) is an effective treatment for some disorders including
depression. While definitive structral damage of brain induced by ECT is still controversial, evidences of
neuronal damage were reported by many authors. it has been also suggested that neuronal activation by
various manners including electroconvulsive shock (ECS), could alter the astroglial gene expression. To
investigate the effects of ECS on the neurons and astrocytes of hippocampus, we obserbed the changes
in morphology and the immunoreactivity of glial fibrillary acidic protein(GFAP) and S-100 protein. the
specific markers for astrocytes. Subjeds and Methods : Experimental animals were treated with single or
repeated (once/day. for 10 days) ECS (100 V, AC, for 0.9sec) and sacrificed at 1 day or 10 days after
last ECS. Luxol fast blue-cresy! violet stain, GFAP and S-100 immunohistochemistry were performed.
Resutt : 1) No histological and immunohistochemical changes were observed in rats treated with singel ECS.
2) Neuronal atrophy and nuclear pyknosis of hippocampal pyramidal cells and dentate granular cells were
observed at 1st day after repeated ECS, but these findings were not found at 10th day after repsated
ECS. 3) increase of GFAP immunoreactivity in dentate gyrus, and S-100 protein immunoreactivity in
dentate gyrus and CA1 area of hippocampus were observed at 1st day after repeated ECS, but these
findings were not found at 10th day after repeated ECS. Condusion : It is consequently suggested that
repeated ECS may transiently induce the morphologic change of neurons and increase of GFAP and 5-100
protein immunoreactivity, the latter may be related with neuroprotection in hippocampus of the rats. (J
Korean Epilep Soc 1: 60-70, 1997)

KEY WORDS : Electroconvulsive therapy * Hippocampus - Morphologic change of neurons - GFAP and S-100 protein im-
munoreactivity - Neuroprotection.
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8 55F o] 83 ArHEEA (electroconvulsive sho-
ck. ECS)9] A7 =44 #dg A7 dden, 2719
AFEE ECTol ¢+ gejshd Wyt Easevt
ol Beg M AUFAL] &4 e 233
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el 94 7Izkel WEA ECSe) A%E ¥m AP
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o A 2oz BRAAL A2 1079l EHE MPHAT,
2 9EA BOS A4 2] 4¢ $EL ECS ¥ 19

5 102 3k Ale) 242t 84N,

2. MEE5H (ECS)

ECSE 4% E89 4z F7]d ©& J&S wiAs]
93l £ A7 (oA 114 ~12A)el Alfaiglon, A
e FHE ECS AX ol & F ¢35 ol7h (auricle)
o A AA (ear clip)® HEA7I2 0.927 IF 100V
A7) 2L 71 & 2 A AAE AAsIE e Aol
2y 3 A8 B8 27 (cage)ol EAANAT WHE A3
2ol e 93 A T3 e 2doz 19 134 102
7H HiEsled ECSE Aldlsiden. 2E 43 7o #7e
A7t 429 2 28 19 €2 102 A Fol 47 5 4A
Ao

3. Luxol fast blue-cresyl violet °|5 &M

#F )4 ECS AA| F sivle] Pejsta WEE B}
7] ¢l5ld Luxol fast blue—cresyl violet ©1% B4E Al
Halgt. e AY SEL ECSE Aldstn 449 &%
712+ A3 Ao 50 mg/kgel pentobarbital& 57 Wil
Eojsle] npHA7 T A4S Foh] A digd A
%< A8sta 50 mie) Aeldds 2 300 mi®l 10% ¥
A &% ¥223A9Y (neutral buffered formalin)& A
2 B8 13 O HE AAEeH 0 FHelM 3
mme 72 B} Aksled $Y& mAAolA] 3~4U3t
AT F F4A. g5 2 sk 2o 3B AX FA 8
mm% T4 AHL A6k luxol faxt blue—cresyl vi-
olet® o3 FM& AlP3lgict.

Luxol fast blue-cresyl violet ©1% E4& & HAS
gt A7) ¥ 36 €9 F271904 luxol fast blue &
g0z 4AZHER} ¥HgAl7] T lithium carbonate &%
o2 AR H42 27 thS cresyl violet B4 R
g BAae AN g4 3% HE & AM permount®
2olsled sjule] wlE (dorsal) & FEdv|Zos #
st

4. GFAP R S-100 £ttt o] MY TX Stot M
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#37] AAske] GFAP ¥ S-100 ©hle] Wd GAg A3
AT ZE 4¥ 58L& ECSE Agsln 19 € 10¢
¥ Z4zte] 8% At A2 Alofl 50 mg/kg®! pentobar-
bital& E7tel] Fajsied vpAz]l F AYAE Bl 4
3 o5 Mg Algsta 50 mi9) 0.1M phospha-
te buffered saline (PBS, pH 7.4) % 300 ml<] 4% pa-
raformaldehyde-0.5% glutaraldehyde (in PBS)& A}
83la] 4F 2T ¥ HE AANY 2 ] B4 3
mme] FAZ G AdE sl LT nAdolA 192
F A3 o2 30% sucrose-PBS £4ollA 1 |4 AA
AR WE AUZNE o] 4319 ~15 Tl T4 40 pme
w3 AU E AFsIA 28, 24 well tissue culture plate
& o}-831 PBS WlelA free floating o2 WYz
stetd A48 APy

GFAP R x2 818t do] AH4-E U3t 3 rabbit
anti-cow GFAP (DAKO)E 0.2% triton X-1009} 3%
normal horse seurme] X3¢ PBSel 1: 50022 34
Bta] A-2ollA 24A12F Bt whgAIH 28, PBS-triton X-
100 84 o2 A F o] g4 (biotinylated horse an-
ti-mouse) € 1 : 20022 3A3}] 3087t WHE-AF1a av-
idin biotin peroxidase complex (Vectastain ABC ki-
ts. Vector Co.)& 1413t Bt 2-AI7] 3 @8 9% 7
A2 0.05% 3,3-diaminobenzidine tetrahydrochloride
(DAB)°l 100 : 18] 30% Fsiedd (HO)E Arhe
o 58 B¢ LAAZ.

S-100 ©¥io] Az seiN e YE=E AT 0.1
% trypsine® 5§83 ¥hEAIZ ¥ 4& A Z mouse
anti S-100 protein (Chemicon Co.)& AH83151.21 o3}
&= biotinylated hrse anti-mouse IgG (Vector Co.)
€ AH8-3I%laL o] 3o A LS GFAP HY d47 543 3
oz APt o] 3 BE WY §
#-2 chromalum-gelatin® 2 X2]¥ slide glasso] &3
F 124 o) AzAIA B9 2 3 3F S A o
permount2 £33 FeHEn|7 o8 FEsic)

4 %
1. ECSAA ¥ im0l 5y
EE 438 $E& ECT AA F 20~30&3t ASHE 7

S YeEAT. B8 ARAE §43] A7 AdEelA
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ARG AANNY B9 FEE BRon olF 2~383F
HEol AaH3 A4 P FRAES el ot 108
BE BoAldle B84 or HELA} =4 1092 BECS
HAE e A% TEL AX A 9¥H A A 7
&8 el

2. Luxol fast blue-creyl violet &4 AH

1) Qzg

HET @39 HolA sjvks ke wlER oy 52w
% (corpus callosum)e] 315ollA FAHYL). sfuje] &
Sde CA ¥z APMES (granular layer)o] A€
2’33 (dentate gyrus)7} BEEAR, 24322} W&} 9
FoflX vl (hippocampus proper) ¥-& gdmyx
Z} (cornu ammonis, CA)S} FAH¥3 (pyramidal cell
layer)ol & CA e} & o] Fn] A4€ CAL CA2 CA3 &
2434% (hilum of the dentate gyrus)2& 29 CA
49908 FEHAT (Fig. 1). A8 A 6~729 7Y
A7 2R Sl ARAESS #3Y £ 319eH, 7}
HAXE ¥Zo] FHF IS A AR, A48 E] )
o] £ CA4 99L& T2 G0 H|slo AAAE7]
e FEE el (Fig. 1-A). sivle] €130 C
7 Feje] 12l E o] F= CA3 YoM & 4~552] AZA
X7} 43 9d9en (Fig. 1-B, Fig. 3-D), CA3 99
Hii Sl AXE CA2 FGoA = CA3 Gl Blsla] 417
H 2] Z471 HAaEo] it (Fig. 1-C, Fig. 4-A). CA2
PR o2 Ag CAl 9L 2~439] AR ¥R
45 ANt (Fig. 1-D, Fig. 4-D).

Fig. 1. Low power view of individual areas of hippocampus of the
control rat. A) dentate gyrus ; B) CA3 area of hippocampus ; C) CA
2 area of hippocampus ; D) CA1 area of hippocampus. Luxol fast
blue-cresyl violet stain, X63.
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ECS ©3] AX ¥ 19 A7} 29 sjulel A 2)443] CAl
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Fig. 2. Low power view individual hippocampal areas of the rat, 1
day after repeated ECS. A) dentate gyrus ; B) CA3 area of hippo-
campus ; C) CA2 area of hippocampus ; D) CA1 area of hippoc-
ampus. Cellular atrophy and nuclear pyknosis are noted in the all
hippoampal areas. Luxol fast blue-cresyl violet stain, X63.
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Fig. 3. High power view of dentate gyrus (A, B and C) and CA3

area (D, E and F) of hippocampus in the rats of control and repeat-

" ed ECS-treated groups. A and D) dentate gyrus and CA3 area of the

control rat ; B and E) dentate gyrus and CA3 area of the rat, 1 day

after repeated ECS treatment ; C and F) dentate gyrus and CA3 area

of the rat, 10 days after repeated ECS treatment. Luxol fast blue-
cresy! violet stain, X 200.
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3) ECS %5 MAZ

ECS ¥t Az ¥ 1Y 37 & #F ] X33 e &
YAz A A2l 9% (atrophy), 335 (pyknosis)e
270 F&HAT} (Fig. 2-A, Fig. 3-B). =& CA3, CA2
2 CAl 999 FAAZANE FARE &7l FAHJS
(Fig. 3-E, Fig. 4-B. E). 281}, ECS 103] ¥+&5 Az F
102 A5t ZAME 43 € CAY & FHA ol
Fepsty wisle BEE 5 A ’

3. GFAPY Bi} M A H

1) 4§22

27| sjuleld GFAPY Awrees X439 3
YA ¥ 2 (granular cell layer)®} dukaide] FAAEZ
(pyramidal cell layer)dlX & vlFd e ()2
glov}, 23 (molecular layer)® B8 % (polymor-
phic layer)olAE oFg FAWNS (+)& Yehiot (Ta-
ble 1, Fig. 5-A, Fig. 6-A, Fig. 6-C).

Fig. 4. High power view of CA2 area (A, B and C) and CA1 area (D,
£ and F) of hippocampus in the rats of control and ECS-treated gr-
oups. A and D) CA2 and CA1 area of the control rat ; B and E) CA2
and CAT1 area of the rat, 1 day after repeated ECS treatment ; C and
F) CA2 and CA1 area of the rat, 10 days after repeated ECS treat-
ment. Luxol fast blue-cresyl violet stain, X 200.
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Table 1. GFAP and S-100 protein immunoreactivity of dentate gyrus and hippocampus (CA1) in control and repeated ECS-treated rat

GFAP 5-100 protein
Dentate gyrus Hippocampus Dentate gyrus Hippocampus
Mol. Gr. Pol. Mol. Py. Pol. Mol Gr. Pol. Mol Py. Pol.
Control + + + + + + -.x + -t - + -+
ECS(R)-1d + + ++ + + + + ++ + + ++ +
ECS(R)-10d + + + + + + -, + -,k -, x + -,k

ECS(R)-1d : 1 day after repeated ECS treatment, ECS(R)}-10D : 10 days after repeated ECS treatment
Mol. : molecular layer, Gr. : granular layer, Pol. : polymorphic layer, Py. : pyramidal layer, - : negative immunoreactivity
+ : trace immunoreactivity, + : weak immunoreactivity, ++ : moderate immunoreactivity, + + + : strong immunoreactivity

hﬂ VA i i S
Fig. 5. Low power view of GFAP immunoreactivity in hippocampus
of control (A) and repeted ECS treated rat (B} at 1 day after repeated
ECS treatment. Increased immunoreactivity of GFAP is observed at
dentate gyrus (DG) of repeated ECS treated rat. Peroxidase-antiper-
oxidase method, X63.
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Fig. 6. High power view of GFAP immunoreactivity in dentate gy-
rus (A and B) and CAT1 area (C and D) of control and repeated £CS-
treated rats. A and C) dentate gyrus and CA1 area of the control rat
; B and D) dentate gyrus and CA1 area of the rat, 1 day after rep-
eated ECS ; Increased immunoreactivity of GFAP is observed in po-
lymorphic layer (Pol) of dentate gyrus. Gr (granular layer) ; Mol (mo-
lecular layer). Peroxidase-antiperoxidase method, X200.

2) ECS B9 MA 2

ECS @3] Ax % 1¢ 73 2o sjupxA 2 233
A GFAP9] ¥9juke-% (immunoreactivity) = AAF o2
W2TH AR 2248 Jehilon 109 73 Alddx
g Aol g FHE AU
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3) ECS g MAjZ

ECS ¥t8 A ¥ 194 23 & #dFA GFAPY €9
B2 T X A3oA HPHESL vjekgt P (£)S
VeERiRla, ExEd e e F9E (+)& Yehifd
on g $5Ee] TS (++)S e
(Table 1, Fig. 5-B, Fig. 6-B). sllvlztale] AL FL
uobgt Fgukg ()& veplia, #4453 52 o
& A uke (+)& Jehlifdt (Table 1. Fig. 5B, Fig. 6
-D). ECS ¥H& XX ¥ 109 2= ¥ sfivpia 2 24
Bo|X GFAPS] doute e dE2ad fA 2748 Y
Rt} (Table 1).

4.5-100 O D1 HM A H

1) 4=z

2 87 A43]dM S-100 e
B 9 OE3or 84 e (-) S v ¥
£ ()& Jehiila A S nlefdt g vy
(£)€ YA} (Table 1. Fig. 7-A). siviRiAle] 2t 4
oMz B ¥ g FoMe &4 8 (-) E2 1
ot A Whg ()& JE D, FAMEZAME mef
g 4 uhg (£)E JERIAT (Table 1, Fig. 7-D).
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2) ECS &3l HA 2

ECS @3] X ¥ 1d 7= & 879 sivt 2 33
A S-100 @] AT 2T A 248
Bl 109 A2 Aoz dubgxol Wsle A
F Y.

3) ECS &8 MN 2

ECS 8 23] & 19 233 & 839 A33elA s-
100 2] ARG EA43 9 THSolA o 4
HHE (H)& Yehiglen, M ESdN e FeEe &
A B (++H)& el £ SekRAle] 2k gl
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Fig. 7. High power view of $-100 protein immunoreactivity in den-
tate gyrus (A, B and C) and CA1 area (D, £ and F) of control and re-
peated ECS-treated rats ; A and D) dentate gyrus and CA1 area of
the control rat ; B and E) dentate gyrus and CA1 area of the rat, 1
day after repeated ECS ; C and F) dentate gyrus and CA1 area of the
rat, 10 days after repeated ECS. Increased immunoreactivity of S-100
protein is observed in molecular layer (Mol), granular (G} or py-
ramidal (Py) layers of dentate gyrus and CA1 area at 1 day after re-
peated ECS, prominent on Gr or Py, but it was decreased to normal
pattemn at 10 days after repeated ECS. Peroxidase-antiperoxidase me-
thod, X200.

HNE FAAEZL FFEY Y v (++)& Yl
I ERAE 2 o EoM e ogjt R whg (H)& el
t} (Taebl 1, Fig. 7-B, Fig. 7-D). 28]y} ECS 4HE- %3]
F 102 A3 2 939 sl 2 2433elA $-100 ¢
o] At X33l BAE € ¥ el 34
< (-) &2 u|oF3 ok W (1) JERi T ™A
2o M v]ekgt G W (1) YERIRITH (Table 1,
Fig. 7-C). #iviadlel £43 2 3 FMe 344 v
() Z& njokg Y W (£)S el FAHES
AXE vlekgt P4 wHE- (+)S YR (Table 1, Fig.
7-F).
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X8 Ei7t geifel) met -850 X 5o £2 o|8H 1
sleni A 859 AFoA @I FHL A8
B} gl WHEAQ FHA] 24 VI BN ASEHE B
#A7h sloka QelA ok H2eE Se Hols B3
7} ok Enslm okt $850] g ECTe A8 &
#o] 71de HesA] ot AR e Aol o,
37 AN catecholamine, opioid B acetylcholi-
neA] AZAM XA gt &L viFkn EasR e
o ol§ Adte 239 ¥ rAdn AL ARS
AUz gcka ¢34 k. Newman? Lerers?S ¥Hg
A ECT ¥ AzAolM dgxog zonlo] D] #4849
g4do] 718 A& BAY T, A& FFTA A
ECTY X823 &3E o] =%l D1 &4 712 49
sttt

ECT9] catecholaminelel tigt @& thFsin, do-
pamine &&9 #4332} norepinephrine®] WAt 314
(turnover)®} 7}, Ml ¥ W norepinephrine =] 57,
13818 F4A (high-affinity uptake system)°l*] no-
repinephrined] ti§ 339} gHigol GaiA Uk
Masserano5¥ 83 0lA ©3] L o 1314 73] vk
E2ql ECTE 713 ¥ {9 Zt A9 4 30N ca-
techolamine 49 F8% HAQI tyrosine hydroxyl-
ase (TH)S $4& B3¢ A3}, @3]9] ECTe 84 84
o] ¥istE fiskr gskoy wEA ZFAA FA (lo-
cus ceruleus), %3 (nucleus of tractus solitarius),
#o}, 2 L AR AolM £7 19 F FH 4~8UT A
&5 54 g4 T BEElgon, A £ e
249 o4 Z7iEtty Bmatth. Opioidet #HH
ECTe| &5-& =l &3 A79lA Hitzemannd ' ¥
EA9l ECT ¥ (*H)dipernorphine®] Z2%-< #2g A3}
F 7 (olfactory bulb), 3% (nucleus accumbens). %
7 (septum), AR 2 o431 (pyriform cortex)ell
A AT F4A4 A TP fEEdn Ao, Xie
92 RCT7} #ivl $olA prodynorphine mRNAS| &
#< 74441713 proenkephalin mRNAS] W& -& F7HA|
71ctn B3slgct Janowsky $9€ $&3°] acetyle-
holine §-A19] NN 7]Q@cta G812, Le-
rer & @7 d] ©3le] ECSE 7% ASolle F27114
234 484 (muscarinic cholinergic receptor)®] 2%
A1 (*H) quinuclidinyl benzilate (°H) QNB)2l Al
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o] Qi on}, 79t wHEA o8 ECTE 7% 2% (H)
QNBY] Aol W dx} el 27 15%9% 13%9
ZA2E Jerictk 1, ol A el ECT
98 Fgo] 27N FUY +8A < Hsle WA
dEy ojg £& g og ECT ol¥d &3] veht
Bargel 719 A4 gdely dddckn gt

ECTE 2Bt AHgEo] & A8 oz 97X 4
ol 378 Ad 2oz AT 1oy, ofel o3 vt

© FAEEL 23] HE =89 dide] Ha o,
ECT X8& ¥ 8xolA] 71} LutAQl 7282 Q14
o] e} AP AYF o2 o] FHEL TR -8
Z9] A9} olo] W& ECTS 7Z=e Hl#l|8lal ECTE Al
Pt £37F A Folle A9l JeA] gt d3A
Aok 2ol o2 e uhy, 4 FF R 2olg T2
HH 7t A o] Rl Pl wie} AFF Fo 3L
A8 Zasdcn RaEdoh #® ECTE g e
FeEd &4 71H54E ] fsld ECT g8 @
& 82e] MRI 2233 AL 83 2288 88 A7t ol
ojF o}t MRIOIA Yehde AHEL ECT A8 o|A%
8 EAshs H¥l 297t df-Eoln ECTe H9] 5ol
A £3E& kA gde] WA, 19500 ol A
o] Bxte] H3 A7 A4LA HF (anoxic enceph-
alopathy)® 34 €8 ¢ ¥ F9 hemosiderin &g
T 584 U] 2ad b 9oy @ o|9A] ECT
ste] YA AV L gltkz olslgn Yol ECTE
Qg 2o HuyE FE £l goh?

ECTo| g3 #d=e 287 344 24 3 #
Aol tigle] B A7V} o] FolA fkom sivldA (hi-
ppocampal formation)& EAY Z¥ da A3 &
do] Ut s F-atH o2 #jutE AL A7 (subiculum), X
23] (dentate gyrus) ¥ gEYxztog o]Fo|A Y} ®
)27k [orente de N6®ol| 218 CAl, CA2, CS3 €
CA4e] AR Aoz TR, Blackstad®E 47
A gEuyAzte] AR A9E E] AEsA Fojsiant.
A7t} x| FE ks Aolst lon, AR FES 3
olollA] CAlL FAME7 B3 =] i, CA2E IRt
vla] 2 gn|sh, CA3E 8juhrt Aoloj@ez Soirhr]
Aol] JFHE o|F& Zol XS, CAdE XopoFe =
Eo7be FEQd dxle X443E (dentate hilus)olzt
I BATE ¥ o]Fel] B3] CAl 79L& &5 HdoY &
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BIE X0l XMI|Z2E 201 8159 HOIHA MBME

L ANYAHEW OIXI= SEH &5t AT

o] Aol AE £44o] 53] 43 dojude Aoz
Sommerd 7ol Bt}

ECTS 7€ f& 7] -] &3 4724, Hong”& 3
oA ECT. perforant pathway® A= ¥ amygdaloid
kindling®& A1#3}aL enkephalin® dynorphine] ¥3&
53¢ 23 ZE A4¥ FENA 2719 enkephalin, dy-
norphine®} Z7}¢} ©]%9] enkephalin 7} ¥ dynorp-
hine 47t fE=E ey ol2j3t AW 2 Kol ECTE pe-
rforant path®] A=< F3} enkephalin® 5715 &%
AMZga gt 48 FEIA perforant path 2
e 58 58 7] A5 72 2=e] 7147} U3
#a=o] glon ol dulol M AAA TS &S KA
71t} Sloviter®& #F A perforant pathe] =& A
A EHE (hilar cel)s] &4, C39] AFL oA
ARA oz AR 27t FAEE CAl £48 oPls, o]
A7 d3 ARdM FEA AFAGERY] A= 2
o eldted AN AF FROA £ 719 HAT AE F
AME fEsy] golgta st E3F Bertram £V
perforant path® & w849 A7l 5L CAl 799
AE E4E fdst A9 Wiz F7hs BRI A%
AXE &3¢ FEHA gov CAl AN #4 &7
2 99 (dendritic field)& F7M1d 3 £33

£ AFoe 4¥ 8 d3e] ECSE 7Ig Aol
£ F9gE &4 HEHA ¥k, 1031¢] ECSE 7He
7ol 23 E v X dute] iR TN AAAE
o] 93} d8-Zo] BAHUY, HEe NAA X HA}
&£78 YehdA] @sitt Devanand 592 #1749 48 ¥
B dFoA EaE ECSoll 27 Hefehy £42 o ol
o] F-9loll AF7L BF2 At 234U A 7159 ol
ol &l AdtAZ 9 Y &go] Futsln, 4F 589
Hz22 M BFoNA TF 28-S sk o] g 2
Y Aolgln sl eny ECS &l o A4 w3
< 2t o] A i g A& Algho] vlwA gom X
A AFelT dojutnz ERHQ djule] &44-& FEEA
ety 4% vk o}, w3 4 558 5% B 9
ZT A7 (blind controlled studies)ol & A4tart 3
Hoj] £4% 94 ¥ dlvl € 249 Purkinje A X & ¥
T3 RE HFG AAMEY £ ECSE A 2 7
I} 22 FEAA Aol7t gtk BaEgict #¥

ECTel 23t A3 22 A= 81 & glod, 2
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A AETS 83 417 B Rololl M AEA 29
o AH & o s #EE Ogd AR e A
A} (transcription factor)7} A2 AA|FReH ¥
TE F3k] ECT/L oleljt AAEd ddt 432
A& Ahdol )1Z5 1 3o}, Heat shock protein (hsp)
& He] B2l &4 58 9 A3 54 E39 FAA9
Z7tE e 2E# 2~ ol (stress protein)®] YFoln ¥
Passarelli & 83 @3] ¥ &5 ECSE 713
A1} 2443, CA3 2 WEn# & (medial habenular nu-
cleus)59] WA IA hsp73 mRNAS| Ede] F71=
o 53] 243N e A3 Hellde JehiA] @+ hsp
70 mRNA9| L&o] Jepgtta st 1, ol ECSF 24
R BE dAstn 7Y olFole Aoz FEHTT §)
Aok, £33 Zefdl LR cfos$ cjund A Eo 9% 2}
Foll g Whgo2A Z7)d] wEso] N2 B3, £33}
Boll #ud fAd48 23k 71%€ Ad immediate
early genel 24, AZAA E)A H71HQ 715 - &

= L
O.)r'- r_“z

rio
R 2

sl

Pont}

Agtia geiA on ABAHEL &g o HE Lol

A} c-fos®] mRNA #&¥o] Z7ise 2es Bnd vt gl
t} * DCosta & @3¢} ECS7F 1413 olulell cfos]
AduteA S 7RIt e, Cole 98 T3
?l ECS7t c-fos mRNASY] 2d & A&A o2 7MY
31 8ok £33 Winston 592 A2 ECS7} c-fosst
c-jun® mRNA T3 F7H 71U, 8~103]9] A43EH<
ECS ¥ ©3]9] ECSE Ag& A9+ dzx T g9
ECSE 713 ZA$-Bu) $7180] Zadtda sttt

£ A7 s ECSE 71a ¥ dulolr] A mAlxel &
515 #adstnal stdth F3A%ANA AA 829 1/2
ol AE xAstn A AR A EE A ARZAE (ma-
croglia) ¥ vlaA X (microglia) 2 /€T AdaAX
£ A7AA S ARDE, glutamatedl] 9% A7F AL =4
1% 5& Ad ARuAEe, 28 sk 710
Z2 A& ECT 2 AUl 4 799 Y A5& &
g Ho) A7) AFT TEAY B4 EF9 T AZAE
B ohg} MATA Tl B J&g vjAv, 7hd @zt
< FEE £ 90E ZE 8L A T Fow A
FAEe FAR LHE F7MIIL B33 (homeostas-
is)& WA 7Icka AZtE 3 Ik # Steinhauser ¥ Ga-
Ho®e AdaAE 2 HE7IZM L= glutamate +&

A7t EAh AT FEA] F8A7F B4 stsof
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HRG - X - a2

AR A Ee] AR BHE BASATIE £ A
AT HEZE glutamate FEA0] oJale] 23 2 &
zAadda F4s9 ) Steward$9¢ 83 ¥ CA3 +
Ao AFE AAstn A&HA AF5& & 2 GFAP
mRNAS] gdo] dAlFog Frien WA oz =538
€ BAtie A&H oz 7k oy AFe] FrEW ¢
dul Aoz HFHE M S #EEF o, AHAH 2
FEL Ko A §3E 2 715 S Ad AR AR
9] FAHA HEE At FAeTh =3 Mitch-
ell5 2 T84 4% 54 E2< kainic acidg #3719
H Aol Foigt A3 slvie] CA3 FHoM YT A&
e g AdadEs € viaMEe g43t f
Atz stgict.

£ A7 e 4aAE g4sle] X F 42 GFAP
2 5100 D& AL YA Re ¥4 EFEE
GFAP, §-100 ¥, glutamine synthetase, enolase. ca-
rbonic anhydrase $°] ¢&8iA slen. ol& F A&dwA
T3 E7l9] 74 @A GFAPE 78 914s 44 aA
¥ 849 NE2 ¥R Ao Mz GFAPE
37 10 nm 3= 3 ARl 84 & (core pro-
tien)e] 74 A2 EA3513 I} Liem® & 49] A
A AR B3 uA T EAshe T ARE Fesd
o, Patel 9 7 39 & AHo|A GFAPY Z#
42 Al 43 GFAPZE 349 7 (olfactory bu-
b)oll RFE2 EAghs ¥ Az ux, A5 FolA
£ O A Hlal ¥ 2 EA3ctn sttt Bi-
gnami®} Dahl® ¥ Takamiya 5" €213 &4& &
A48 589 HolA GFAPY Hgutg=rt F7tE Ut
sl9l2e, Jensen % ¥ Balaban 52 tiEH < 417
4 42 42#ix MPTP ¥ trimethyltinoll 23l #
e Ho] &3olA GFAPY HHwgAe] F7HE Bast
Fek =3 A7) A2z GFAPY] Bl tisle] Steward
©= ECS7F 2433 4 559 U wh7e] 3" GFAP
mRNA 28& Z7HIckn B8 b} gtk B 439
A3 d3le] ECSe slntelM GFAPS| WztE fLsHA]
kort, wHEAEQ ECS ¥ 19 A7 Aol A]433]olA
GFAP ®urgAe] 7Pt #a=Ed T vt e iz
Z7 FARE F o] whe-& Jehligith ole thE &at &
o] AFolA Yehd uke} Zo] WAA 9] A7 AT 4%
&4 Aol Fuikel CAl CASZE BizslA £45€d b

67



bl 22 815880 HIZFSEZ0 SFH O Wi AZHE 2

Aldle 22 A Axe] whe-g Jehidlon ole
ECS7t iAo A fishes 42 YAF0)7] BE] R
o2 Azhdr

S-100 e 4o HolA HE BB Zg ZF o
A2A 88 x4 wel $-100a0. S-100a ¥ S-100b
371A] o] A7} EAshe dukAl $-100 T 3714 o]
BA o] B Eolt S-100 @ FF AHAE v £l
Atge] m2e] EAH X (melanocyte)® Langerhans %
59 2173984 (neuroectoderm) 71€2] A Xo] F2 £
& 2 23 9 w2 AAANME o] AAaAE
o} B E7 AT Fol EAshe ez deA Ut PP S-
100 ©¥o] 7158 HEs] LdeiA UA ¥ ot A
A9 Bange il A3t E4 ATPase, adenylate
cyclase, aldolase 59 Al XW &4 @40 Hoistn, £
g ol EAsA LT nlMEREd A 24
(cytoskeleton)& ZA3ste} 53] HEeld] EAshe S5-100
oo ABAE] A F £33} ABaAES F4 ¢ pr-
olactin ¥l #qd@cin 553 ot ® Bhattachra-
yya & S-100 @] &) #g el 4 AA-R Ay
o] % AZAE L &5 ABAXAA T A 5475
Fadon 929, Winningham-Major $%-& S-100
o] AAN 2] AED A EVS} Ao FAE Ho)
2ha F43t.

A7llA S-100 SHjo] Rggtg-d2 dslo] ECS ¥
de Bt evt wEAHA ECSH 19 A Alde
27329 sutAAl ] CAl FHolA F7HEAnh. 5L A
@ oA GFAPS] ButgAel F7i7t X33ld) 24y
Qe 8-100 Do} 9= X443} dule] CAL T+
X Z7hE A& GFAPS S-100 @¥o] A A x| ws}
Aol A whg-S vehiA] @on t& 7% 2 &
A4S gAdta fF8 B 5 Utk B3 GFAPS S-
100 ©¥ie} ¥ B A& AYx AT} GFAPE
HATAEAA 0 AP BE AxAT Azdel 57|
o £¥sle S Jehld o} S-100 B2 dlvle]
CAME, X33 HPAE L AR 9 HEAME YEY
€ Ao FEEUon 53] vrEA ECS ¥ Aoyt
zo] ke AE 9 AR 9 ABAZAN dAE Ao
A=Y, guboz S-100 e AR RAF| X

£
L
A wy

68

5

S&YDMEN OIT1= S0 &5t A7
gokn giA 91y Isobe £V S-100 @] 74 4
£ o subunit7} sirte] AR X} ALANAHANME &
At F35 bt glon, B Y] AMSE S-100 9
o] gl S-100 D] 371K 74 AR dF Fajolm
2 gjvje] ABAZANA S-100 ©e]l W] F71E 7bs
Aol e Aoz FE3, A ol S-100 T o)
& Ay A0 A AFE Fysojor grin AZ4Hc
E A7 ECS7H A4nAE 849 AEE F7MA
3 ole o8 gatEe Aolr] FAZ ulel o] AAFA
Fo] e FHo] A4uMEe] BAd S vld H
2 ST 5 ik £ ol AR nA R ke @
o] ECS Aol e 228 4 ¢z 1083 g4 2}
Z % guEgleon A2 28 3 1090l A0 A e
AeA o2 31850 9Joltt ol Ul sfalEe AP
Aol A el ule} o] ECS7H O3 417 S4 2 A
38 A FES GAFH R 7N T~8UFE A7 A
ol Fdog sEdTh: Aot Y3 Ao Bl
o443} ol ECS M| ¥o] =32 et A7z Adg
Hol AAE FEY w WHEHQ A7) AE $FL dFH
A &inl @ 2)33le] AAME] YAIAQ HelgA Hale
23t Al A3 Tol] Y GFAPS S-100 &
Aol ANRIEEE Ao R F7MITIY ole AdmA

IO ABAE B3 71s3 fdse Aoz A€

&

rhu

2 A7E HFoM &3 g wiEAQl ECS7) sjute] A
ZAE 2 AAuA T nlA e G #As] A5t
Sprague-DawleyAl #F ] &3] F& 104(18)/1€9)9
ECSE I% 100 volt 0.927 A7 1$A & 718t A% &
A %19 9 102 233 7533 F YAz, A
A2 gejeky wsle BAs] Yk GFAP 2 S-
100 ©¥ie] A 228 & Algisld oga Ze Ad
& 4t

D ©3jel A7) FA & dinle] ARA 2] FujdhA ¥ig)
% GFAPS S-100 9¥o] Aoutgwo) welgl Wals &
wslA] ersket

2) 10€3H(13)/194) jHEAQ] Hr1EF £ 7lstn 19 7
T} Aol finte] W G4 @ x4l FAANE D A=A
¥ol 9% 9 #350] BAHAU oY 10d A Alolle 3
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