thetEaizl AR Hod R3s
2002. 10. PP.107-119

4N
2
2
=
2L
4

o

| £49 B7] H¢) delaAE
A WX & &%
ERYY - $AREL BANEGH

The Effects of Microcurrent Stimulation on the Astrocytes
Proliferation at Injured Brain of Rabbit

Kim, Ji Sung, MS,, RP.T., Min, Kyoung Ok, Ph.D., RP.T."
Hyo-ja Hospital + Dept. of Physical Therapy, Yong-In University’
- ABSTRACT -

Astrocyte, which shares the greatest part of the brain {about 25%), is a kind of glial cell that composes the
central nervous system along with microglia, ependymal cell and oligodendroglia. It has 7-9nm of fibers in its
cytoplasma, which are composed of glial fibrillary acidic protein (GFAP) and vimentin. ‘

As for the functions of the astrocyte, it has, so far, been supposed that the astrocyte will play a cytoskeletal
role in maintaining the structure of the cerebrum, play a role as a blood-brain barrer so that it can induce
migration of the neuron in its development and substances in the blood cannot go into the nervous tissue, and
a role of immunology and phagocytosis, However, it was revealed today that i will be a role in preventing
expansion of injury by attaching itself to the connective tissue such as the vessel and the pia mater when the
nervous tissue or the arachneid is injured.

Microcurrent stimulation can control current, on the basis of A unit, That is, with such devices using it, it is
possible to sense, from the outside, the injured current{wound current) of the lesion and to change it into the
normal current, thereby promoting the restoration of the cells,

In order to examine the effects of microcurrent stimulation on the injured astrocytes in the rabbits, this study
was conducted with 24 New Zealand White Rabbit as its subjects, which were divided into 8 animals of the
experiment group and 16 animals of the control group. After the animals in the experiment group were fixed
to the stereotaxic apparatus, their hair was removed and their premotor area(association area) perforated by
the micro-drill for skull-perforation with the depth of 8mm from the scalp. In one week after the injury, 4
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animals in the control group and 8 animals in the experiment group were sacrificed and examined with
immunohistochemical method. And in three weeks, the remaining 4 animals in the control group and 8 animals
in the experiment group were also sacrificed and examined with the same way.

The conclusion has been drawn as follows :In the control group sacrificed in one week after the injury, the
astrocytes somewhat increased, compared with the normal animals, and in the group sacrificed in three weeks
after the injury, they increased more (p { 005). The experiment group A in one week showed a little
increase, but there was no significant differences, but the experiment group in three weeks showed more
increase, compared with the experiment group in one week (p { 005). The experiment group B in one week
showed more increase than the control group or the experiment group A, and the experiment group in three
weeks showed more increase than the experiment group in one week (p { 0.05).Among the astrocytes, fibrous
astrocytes were mostly observed, increasing as they are close to the lesion, and decreasing as they are remote
from it,

The findings show that microcurrent can cause the astrocytes to proliferate and that it will be more effective
to stimulate the cervical part somewhat remote from the lesion rather than to directly stimulate the part of
the lesion. Thus, microcurrent stimulation can be one of the methods that can activate the reaction of
astrocytes, which is one of the mechanism for treating cerebral injury with hemorrhage,

Therefore, this study will be used as basic research data for promoting restoration of functions in the patient
with injury in the central nervous system.

Key words : Astrocytes, Glial fibrillary aciclicc protem (GFAP), Microcurrent.

¥ (blood-brain barrier) H&& 3, 1 9o &
YAt 98 2 B98d J5d BRE 58
g Aolgty #&HYO Y (Eng F, 1987; Adams,
1992; Norenberg, 1994), 3l St & HolwA X9
YAE7] Aol B aAFEA SuETe RO
B olf H¥zbgye 4L RAEA YA
¥ & UE AYdHl F2 FPa, B
&2y dadgs 22 AR 72 R R

LA g

ol W M| X (astrocytes) & A A E(microglia), |
4 % A ¥ (ependymal cell), JE71Z A X
(oligodendroglia) ¢ ¥ FFAZRAE FA8= &L
AEZA HA 7H3 gL AXod, AA Ax9
25%E A8 L(Eng 5, 1992: Norenberg, 1994:

Arthur 5, 1987) AEXZ] 7~9me] HF& 7HAX &
d] o] AE & glial fibrillary acidic protein(GFAP)(Eng
X 1971; Bignami 5, 1972; Lazarides, 1982; Eng,
1985; Vijayan, 1990)3 vimentin(Arai, 1992)0.2 F
A= g

HolFM XS] 7|5 tide FEF{A glof Al
¥TF 42 3 ¢ EF ALY oFE #
T80, 359 AN g Uy EFol A
Az 4A E/MA REEE Y H¥AR

oldzl NAZFA AFH LS 3= AR
daA o 2 AZLYAAN gEFo] dojd
g AEgHZ Yok ZF o FTI AX
Mg ZF = A4S dAlste MEHYY
MAEE ZARCER Y FA Bd3H,
§ &49 ARz Y W Fslo o] T
olA FAEHA YEE golFE TS e BL
7} 94ch(Henn =, 1972; Barres £, 1990).
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BEAE oY S4Hd gle EotEAEY
008%t YA SIE EotwME] 003%7} Al E
TEZFU] WaA duoire] HoluMNE F2 &2
w3 AT s =¥ A& B £ Aok(Kaplan
& Hinds, 1980).

GFAP(glial fibrillary acidic protein)y= olRAMEE
(ot E G FRAE)Y FAAEF FE &
¥&le E2HgE 50,000 dalton=7]9] vimentin- like T
A2 A, A7 85 (multiple sclerosis), ¥HE(scar)
F-3#(Eng, 1971)°] ol A X7t JFHo S4E 1
L FEE EAEY dsel #WsiF™HAquino F,
1983). 13 o]FL WolW M X T EojHo g ¢
A7l o WolFH ¥ Eojx FAER
(specific marker) 2% AHE-H0]A X Qlth(Bignami &
Dahl, 1974; Eng %, 1971; Schachner &, 1977:
Bignami 5, 1972: Bignami & Dahl D, 1977).

FFAZA NN &4 F XY T4 BHAY
H Hx9 @42 FAAIT 98 AT, &
HoZe 94 FYE 4% AARIAEY A+
AL Bt 4 29 59% JdeE=2(Eng 5
1987: Stensaas 5, 1987: Norenberg, 1994) °©]& 94|
el 97EE gth(Bilingsley & Mandel, 1982;
Vipyan & Cotman, 1987; O Callaghan %, 1991:
Balasingam 5, 1994).

N &49 T oA HoldH L GFAP
A3 S Ftel vlE el HolW A XY F3F
7Hhyperplasia) & # 9] A7) F7F £ A EA G 7]
o] Z7H hypertrophy) 7t dojvs 2 s & ¢¥EA
8l thH(Cavangh, 1970; Mathewson 5, 1985: Nathaniel
5, 1981; Vigyan %, 1990). I3 i 7|AF
&4 T Z3le HoldHEE A FH o AFHH
ol Utzt A|Zte] AYHEAM AAY FF HAE
WA #H3sch(Mathewson & Berry, 1985;
Norton 5, 1992). o]&1& Hejazl A4S AA4X
545 (gliosis) ¥H3-8) SAot}, o &4 F9] o}
IAES B AAY A AT ARUAR FF

o A% ZFAHA AAY 3Folt AATAHY A

: 3AAFATO &4E B2 Ko WAAZZHA BAE £

A2 BAINE T F49 AF dAd
7t

(Bergman %, 1995: Cotman %, 1984 Kinoshita
1990; Reier S, 1989; Schwab, 1990), 13y} ©]
o] BAFFEY 7AF HolyAE 7
g2 o} o] BrEA A ¥%eH, 7|
A 3

]

s+ch(Norton 5, 1992; Ridet

BE

. 1997; Wu &, 1998).

Z A A F 2 7] (Microcurrent, Electro- Acuscope,
EMIL USA)E AF7AA EHAZEOFIA AL
o AVAARAAAFAR/(TENS)Y ZH A&
HCT)EH 2 4wt AZIAFARAE 98 7
A ZWA A g2 EAL 7T ok 4 A
= AFY ATt ATVHEAN A GHE AHEER
AE 7129 A7x89 o] HY FARTAE A
FOJEA Aol7t glch FAMAFARY 0]EF 2
7He 1991 = EtE 3% S99 23X
sutatet M2 E AATHERALY] MEY 0] 25 Z(ion
channel)ol] #3 S o] LFROIEL 7|XE 3
o R A EEAo|Eojt}

ZF o] &AL el &4 e 4d3d A
oo giAdse] Jdd AFE tE AFI WAL
oz gA"A Hed olRAE &AAF(injured
curent) 22 F20h EFAFY] TR diE HERE
Agxog #aAF AL Dubois- ReymondZA] 9]
) 184330) Aol Pk 1F o] R U
A77} AS AP o]} 198299 Barker o1 4
A lem% o 10049 AF7F 32F YSL 2939
o &AM 2R o] AAA T ARE 2HE &
57 gaxE 9329y AP E AFte A
o] o g, oluf £AZAFA FAFZH AtoldA &
AE o] 2AFI iy E JFE WAk ojEH2E
o]F FHEFL IUHE 2L 539 RN A
FAFE s RAFLEA EANE & U

meb B A7 B 27 Y &4 F doln
A E Z40] HWE AT &FFHY 383
o] 715 4Ad f48 FES e o 71xke
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o E719 ¥ #3d AF &4 F IALAFAS
€ L83, WYz Ay WS §3o el
Axsh Wie Wstg Adao o &} 27 F
ARFAF] ot E Fo vl Q% E
oML ZHo EFHHA AFHYL AASLA
gt

b

k=1

I. 4848 ¢ $
1L AZAR

2 dpde 43 S22 A% 404 A% AF
1200g ~ 1500g Atele] 4 27 u=i2lE ¢4
T flo] AHEsA) o] dYFEEEL FY £
A& FA87] st 2E(23T+2C), FE(55%~
65%), 37134 AHE A A&E + de 4
AN 2L THAERE IR/ AR, 1
FY 49 A3 F AYol AHSEA

2. Aguhy

1) 48X ¢ A4y

48 FEL Ul E 44 74 §lo] 47 sulg
A AYZA, B R UFYL 2 2 A
$1 7 A o] (Stereotaxic apparatus)ol]l ¥ AAIZ & AR
g AASL FAEF ARAL vA =S AHSEA R
HE27H tm ZolE AZ d¥ AFHY HFY
A(AFGA) ol AF&4E FAU

e AFEL F AYZAE ARy
% 247 05 oA FSlo] WFAF (o] 2
~ o, FA 1m)E A A F 5F 13 2084 A4
A5 A= (Electro-Acuscope, EML, USA)E X339
I, AYEBE HFFHd IA3E ol&3lo 4
ZAS FYF 202 AT ANAQY AT 3
T FAARAT g8 ErY AFAE F99
o5 390l Yehid THE JTE 47 FAA
A 259 3] Al oA AFE st

(18 1. 4824, BE A& AYd w=} 4uig
E 159 F¢ A3 AN F HA4AA wegxy
8y AAYE ol&dle FAHNUIT, UwA 4ol
E3FY FUATE FF 5UT PHoE AR
s g2ee dy AT &4 F SAARAST
S AYFA G ASHA F IUE HESG

a8 1L SAAFASEY

2) ZAAE

A N7 E7]E thiopental sodium(lmg/keg)S &7
FAste] vtHAIL EAY FRE 97 ARAA

L AU EYE 39 canularg YT F §
AE AT, penstaltic pumpE ©]8-39 30m
/min® 4%E2 0.1M phosphate Buffer Saline
solution(PBS) (pH 72)& 2087+ A3 ¥4 L #uF
S8, 5087 4% paraformaldehyde® HILA S
ANZ £(Y 2), ZAAE e FAEE AA
3o} & ZA2YA Md F 4% paraformaldehyde
(40C)ol Y3 BAZ £ § WALAE 4
8 10%, 20%2) sucrosed] Z+z} 48AIZHH AX AR L,
30% sucrosed] 7ttt w7AA] HAAA deep
freezero] YF BEAZT 281 E79 HE #4
Hog -20Ce WEFEU/ NN 0m FARZ 959
FAUL JAE

YEEHE 0IM PBS 587 33 AL, 1%
H:O:(in 01M PBS)el 3087k 122 1% normal
goat serumdl] 1A1ZF ¢ WHEAIAT TEY oA
01M PBSel 587t 33 A& HASGY, 13344
(rabbit anti cow GFAP)E& 40Co|A T2AIZH5<k ¥
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SN oS 01M PBSHl 587 33 £AE AA
Aok 1 thg 2318 (biotinylated Anti rabbit IgG)
of 24AN7F W2AZ T 0IM PBSO| thA] 587 33
M3t} Avidin-biotin-peroxidase complex(vector
kit) g ©]&3te 12417 ¥HEAIZl ¥ 01M PBSd| 5
#7438 #4E AA 3o 33 -Diaminobenzidine-§ %
o7 MAANHY 12 FRT 2L AAAZ F

gelatin©] %]ﬁ]z] shde°ﬂ ZARAE YL AZANA
cover glassZ 9 FAE de FEH0 A st A
1k 4%!5‘:7-“4@1‘_0‘2 Yl HEES #9359

st

a9 2 E79 #AHEE T canulard

Al st
0IM PBS® 4%paraformaldehyde® 57

A, A2A st

3. A7 AR

2 AT ARES SAPAE AP o
2 ATHEN W2 o AAE ¥ T2 Gl
$9s 458 4 glom, 48e Fe Ao 4
7 238 AglA T0E 488 & g

L, r})

4. 2tz A

Y HolTHE 5 SAS systemE o] &3
TAAY At FAAFATA o oA
Bhe 22 717k ZF 37 Holw AR 49 w3
€ Y9 A EAEAH (one-way ANOVA)LE, 7+

oN
To

D FARAFATO] £4E BV H9 YolHAEF Y vAE B

9 Ag77HE H e 3H A (t-test) & o] &3}
o Asach ALY FYXL AFNYE
o F94FE p Y006E AIHAT.

mza

£ Age FAARAT &48 FFAAA
HoLZAE 34 % ¥ (lesion range)9] W3tol vl
e aHe BFAILA AETH Wz wFs
ANE7 9} BT sle B ok FE Y Holy
AE 59 ¥sts 48717 22 Wrol 54 23
g AFstgoen, dHoeldAE 49 w3 viy:s F
sl& n] A slol A GFAPY| k23 Holw M7} 713
A HEHE BAE Mgt AP @
fieldg 7|02 Hosty)

o,

1t

JIN' N

s UER OERELERTE:
IR
=

ZAME HYE

ZERES
9o

17 3 SAXNT gz
A7 FIVBIRL, 3F F ilow% 1F ¥ 25
2 37HE HAUTKIY 3, 4,5, 6).

15 39 AFFANME g2 Histe 47
Zhet oy Watels YUL 3F F FAME 1F
3 ZEg £¢ g2 71 EAKIY 7, 8).

13 39 AAIBAAE Tl AFFA
Hjgte B2 3718 EYL 3F ¥ FAME 1F F
ZET £9 g2 37 BHAKIE 9 10).

I9Y 3 A4 E7) 3] Holy A E(X400).
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3Y 4 34 EZ H9 HeldAx IY 7. 1% F9 AYZA - 157 FY URF B
(arrow: fibrous astrocytes X 1000). t} Yol d M ¥} Z71ad o x400).

1Y 5 13 9 g2F - YHE $HLE o} Y 8 3% 39 4¥FA - 1F 3 HEFA B

FAE7 BE3H, AJE7 A viste o HolgAEs o ®ol F7HAtH(x
7+ Z713FTH X 400), 400).

1% 6.3% ¥ g2 - 157 £ gZ2 v I 9157 Fo 4¥IB - 1F F g2y
sto] HWFe] Holud ¥Jt ¢ Bl APZAd Hlzte] HolEA T/t B Bl
7V RATH(x 400). 718 TH( X 400).
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¥ 10.3F §9 A¥EB - 1F F9 AY¥IB
Bo el A X7t o @o] F/3Yt
(X 400).

Aoe #FE HolwA¥EL ¥
e i 7]'77]'°]°ﬂ Bol £X3HY, ¥
AFFE 1 g7t Fhste
AR Len, FEE HolgH X9 el FZ AHF
¥ o} 7 M| ¥ (fibrous astrocytes) QT 1¥ 11).

I3 11 &437Z0A 9 Uutao) Woly ¥ HE,
W (arrow) BHZHE 7H7HE Rl ol
RN, HAAFE I 7 FAad

k.

¥ @r o rpr

2. S4B HOLIAE 59 83} B3

Hold M E ¢ wsle Z4 FoM Ad 1F F
ZEG 33 F FoA HolwHEIt A FH3)
IS ¢ F AL, A 1F Fo AR A
FAME AFLBAAN AEPFART § BL Z7IE

WwWT o

D FAARAT] £4E EA A HoliAZFZ A viAE &F

e om (AP ZA ¢ 2225438670, AHER
3750420870), 1 FFo] 337t A txFEY &
3 S7hH0] QS ¢ YUk ER HE3F ¥
o] AHFAE 2L 717 gz vus F7Hd
HolZHEE AT F YN HAFTA 3F ¢
487543207, EZ 3F : R75+17170) AHFB
Ho=(AEEB 3F ¢ 6325+5387) 1 S/ AR
7b 3R 4L ¢ F AKE D (TH 12-19.

(E Dol BHEnpel 7ho] ddufx EAHEAY
(ANOVA)d| o3t 7t 717t A FAole] ol A|
E 59 wste FARHLE p(005 FEAIA 2R

2 FAdog fosA deioyd, AxFay
W (LSD: Least Significant Difference)ol] 213 2z} &
7+e] HlZE AE 1FRAA WERF(2025+£386) 3
’él‘éi‘A(ZZ.ZSiS.lO)E A8 YT FLGLE Yg
B :Lalsr_ oS F (t-test) ol A8 ZH 29 AY
7170 vlZE A F BF p{005 FFEAM FsHA
S7h agi \Jra}kku}. (E DAA HolgAE
L AYZBAM 1F F 37504208 3F ¥ 6325+
5382 F /17 EF /b =4 Jeldou, $A%
Hog HAYZAAAN M FYsiA S/t R
Uehd olfE 15 ¥ AUFANA HolyAE +
o] Z77t AP B Hgte] A W7 AE
ol ALE AtiET.

E LAY BE 7 79 HoluM ®e £

(Mean+SD)
# 7% dzy  H¥FA  HYTB
15 15 2 33
22 18 37
24 25 40
20 24 35
20251386 2225+310 37504208
3F 33 52 60
31 46 58
35 51 70
32 46 65

275171 48751320 6325%538
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c3BEs8BIS

13 k=3

O¥ 12 A7) wE 7 74 HojiA R
w3}

control ANBEB

HEPA

9 1348 13, 35 % 74 29 deluAx &
iRk

3% 14.1F F9] gz - #uj3ddM GFAP
of w3 HolA ¥y /MY 2IE ¥
& A9sio dolZHEFE AFY
THarrow © fibrous astrocytes X 400).

319 1535 $9 g2F - 8v7gelA GFAP
o] uhgs WolzMES /M UHE ¥
& Adsle PolgA X 8 AFIHS
Harrow : fibrous astrocytesX400).

2381615 39 H4¥FA - @GN
GFAPd] W3-8 dolwA X7} 714 23
B Rg Mgt HolTAE TE A
2819 tHamow : fibrous astrocytes X 400),

19 17.3F 39 4¥2A - dv33NAM GFAP
of w33 HolwA X}t M BB 74
g Ndsld HolFAE & AFHPT
(arrow © fibrous astrocytes X 400).
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(RS

1Y 18 1% 3?94 AYHZB - Au|AA A GFAP
of Hh3-g wWolw ¥yt 714 Uy B
ﬁa Aeste] Hold A X & AT
CHarrow : fibrous astrocytes X 400),

19 19.35F %9 4¥FB - vA4A GFAP
of ¥ WotwMEr}d by IHE ¥
HE Mesto] WolFHE & AF8Y

Th(arrow : fibrous astrocytes X 400},
3. &4 W] 3] Wl 3

1F F AN dXFd vstd 337 39 gz
TolME W¥(lesion range)] A F/HE BY
th 1F 39 AFZAANE 2L /7Y gz
A9 Zolg Bolx gsto), 3F o H¥FAd
Me e 7248 B 13 39 4FIBoA
T 2L 717 gzE, AREAY e #do)
47 A4S, 3F Fo H¥FAY vixd T
g B3onm, 33 39 A¥IBAME WY 3
7b @AEA Zasyoh

FARRAF] 48 B2 K9] FolEMEFYd njAe A

4

.z #

HolWA X F4 WalE FFRAFAY tofd
ol A% M BAHA 279 AEEed
A QAT gin B Ad ¢ SFAAA
F 2% ZAES uEE A4 A Fe3 F
of 82 F9 AUZ AAA Uk 1HAE EF
33 H2 dFel e HolaAE o] 24 A4
A BEUE A o ALsT SloH(Ridet
5, 1997), =3 Refer 5(1983)2 &4 ¥ w4 X o
E(glial scar)o} AFAQ Aol AT RHEHH
&89 238 Agstd 2 IAE HAE A4
e F9% A4E Iy HIsgch

H4Y(1994) @ FoN M E Sprague-Dawley HF 2]
o A ¥ FAZE 4908 AAR dE 52
&4 ol gAl FET dEFL aiXAFA A HY
ZA58a A g Agg A3 GFAPA 44
ol win EolwMES AS FAHRA FRT, AA
F4E -196CE Yz ¢fnly E€FHdE o
Ewo 9027 EAA FEEY F 3Yyy ¥
2ol s ZIA RN G WSS Hole Hol
ZAES $7F ZHEAL, 1F Foe 2 47 o
S FHEeH 494 AR oS A £
Yol7M ¥ HEE/EL B EHE sl W
FANE JeERY, ¥y B9 Jhrold b BT
A7t 2ojde wat 1 $7F A gT B
Atk 183 °] GFAP ¥4 HoluHEE2 &4
% 23R ge 8438 Zado] 4F ojFos &4
Az A Zolxttz B¢t} Proliferating cell
nuclear antigen(PCNA)$} #}714HA}71EY (autoradio
graphy) & A& ZAsjel A WolwAl®s}t &4 3¢

O
o L P

E-

=
&
A

&

Mg

=

r%)- rb lzl

o

3 2uo] Qe AT HolN k4 WS HAT,
oJE F YBE 9 AJE AFE FHEH AN
. o5 &4 F UL 4P FAUAL, &4

FRET BERHA Ao FHE%4) T
T%0)9] Mo stainless steal knifeS ©| &3 &4
£ FEAD F UGZASEGA YR BT 4
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BN HolHAEE 27)1%H IAE F /M g2
# 9ee Hgow B3 4934 HomAE
(protoplasmic astrocytes)7t 1 99E A 3o
e ¥ AdHE oju] B AZAEE HolzA
o Az wWile Ao BHUT, ofd H4t
E09 UL o Zo HolwAEgos g 4
A Ao} #AFAHTE A7kl A 1F7:Y olF Y
B HolwAE 7hEd A4devt EAA, WEF
Aol wgn A gL HARE AAsE a4
W o} WA ¥ (fibrous astrocytes)7} Z7HE9lT B 1
&4t Cavanagh(1970)& A% #(200-250g) 2
FAEY 2m HY AT B99 FHE A2
A4 HHEE S ALLstd FASHOZNE 3m
ZolZ2 AF &4 % 1,2 3,4 64 A wnir} g
AAA JESAE o] 7oA FAE YolIME
' &4 ¥ 2UAREH AXZEGo] BAEAHS AFs}
AL, 3Y AHF PolFAM XS BFo| 744 A8
A vebgnh 222 &4 F 46X vsT @
A& Bgon AEEGE A%ty EYdA
2 A¥dAe EZY o &4 F dolaAE
o ¥se g ZolA 4 1F FoiM B 35 %
oA HolWH X7t A F/H Ao eyt
T (p005), AE 15 Fol AAG A ZFAME 4
FBAA AYFAET U B2 F71E Hyed
(HE3FA @ 222543867, A¥EB : 3750+20870)
1 $F0] 377t A dx2Eg 238 $748 A
o2 AFHUY T3 3F F9 AIZAE 2 7
v g2 e $71d dolgAEE AEE &
ARSY(3F F9] AFFA © 487513207, 3F ¥
o WEF : 27B217) 3F F9 A4¥EBRUE
(3F ¥ 4¥TB : 63251£53870) 1 F7F A%}
3A ¢ ¢ & Utk B AN o3} 2
AFHE B olf& dutEd 2¥ YA o] vt o
&M E 17 AEoA HolaA X/t gusA &
ZHE R Qloy 8ol & o &AM E Yolw
AX7F 33 AR 1 BARE 248 4 9
AEZ AdHo e e ole vAZME

(microglia) &t BAA XY &4 & AZAE A
Zl58o] AAPCEN HoluME Wl 2y o
A 7150 7 AQ9E) MELE AEEY, T &4
Fulch ALS-E AAPE S Aojof ofF RA2E HoF
o

£ AgdA #&d AR HolxA X (fibrous
astrocytes) 9] F7te FE2(1984) 59 AT
FUsA Jeich o)ds 22 B 49 A
o8] Z7] ¥ &AM YR B FHAFA
FE AP AFFANN d UL A/EHE 32
& 9glen, £3] 24 (hemorrhage) & FHtdle M
&AM FAAFAT o &4 ARE F s
A Hopw M X Hh3(astrocytes reaction)S B4 8HA
4 e Y5y vl 8 4 A& ALE A
et B¢ &4 298 AH AST HEFA B
OE AFFERE ASE AYFBAA HoldAx 9
F7F 713 Ao Bel &4 F Wyl 299 Y
2l AT Hrope Wy B9jola 7 Holzl 49
BE AFee o] AAHY ZLE AEd.

dxe] &4 F dojus HoldAE 44 g%
FZAEZ] dixe 7% AEL d8 8¢ FEA
o wWalshs 4EE Al M= F 4
3] AR gt HolWAHEIES MEZHe 9
g ozl 1 9ok tiHe 75 F2% 9
# 7R 9EE &, A4YY oF, AR A4,
A7 AREY g4, F, ol 2 AFAE 39
23, A7 g% 38 299838 U, AEAAH
AR BAH 2L Aol YoM (Eng F, 1987:
Norenberg, 1994) tj¢] &4 F HoluA 29 54
= 449 7% FAE A8 FLIAAT, FHeE
E B AYE YA ALY AL oAl
i A7 B2 AFAE PEse 2R A
(Eng 5. 1987; Stensaas %, 1987: Topp &, 1989:
Eng 5, 1992). 284 DNA #4494 odAH
(Billingsley & Mandel, 1982), cytokine(Balasingam
5, 194) 58 ALEste] Holu M TS 4 A )
A AQJAAN F3AHA Y 715 8-S A4

o
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7IFe ATEE Ao & AFAAE HolwA 2
A &2 dHe 71T S5 FIAACd o
& FAHY B YAAAT FolA gt o] ot
AL FHT ZHFLEA dHY 75 EE &
AAF7] 48 A+ 712ARE ATE 7 2
AL AHu, £F FUAAEY HEAA &4
Hol SARFATS T HotuAxs W |
S BAFLEN 7] FFAGA &4 839 7]
T 3As i{—% A% YA 8H H2d 7|z2AEE

o

FAAFAT) &8 E7 Ho HoldAXE &
Ao wAe AFHE BFE}] H8 £ dFddMe
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