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The Effect of Goomicheongsim-won( /1. 8% %[> JT) Extracts on E20 Corticells and P7
Cerebellar Cells Exposed to Hypoxia

Ki-Seon Han, Sung-Hyun Jeong, Gil-Cho Shin, II-Soo Moon", Won-Chul Lee

Department of Interal Medicine, College of Oriental Medicine, Dongguk University,
Department of Anatomy, College of Medicine, Dongguk University” )

Objectives: The purpose of this investigation was to evaluate the effect of Goomicheongsim-won (JUbi [»7C) Extracts on
E20 corticells and P7 cerebellar cells exposed to hypoxia, and the effect on neuronal protection by elimination of Rhinoceros
unicornis L.(B ) and/or Orpiment As:Ss (Ff§E).

Methods: P7 cerebellar cells were grown in various concentrations of KM-A (JUBE(T), KM-B Ui (VG £EA), KM-
C Uit Lot HAMER) and KM-D (JURiE(IE 1B - F8E). On 7 DIV (day in vitro), cells were exposed to hypoxia (98%
No/5% CO», 3 hr, 37°C) and normoxia, and then further incubated for 3 days. Neuronal viabilities were expressed as
percentages of control. E20 cortical cells were grown in various concentrations of KM-A, KM-B, KM-C, and KM-D. On 7
DIV, cells were exposed to hypoxia and normoxia, and then further incubated for 3 and 7 days.

Results:

1. The effect of KM-A on neuronal protection was significantly increased P7 cerebellar granule cells and E20 cortical cells
on normoxia and hypoxia.

2. The effect of KM-B on neuronal protection was increased P7 cerebellar granule cells on normoxia, but was significantly
decreased P7 cerebellar granule cells on hypoxia. The effect of KM-B on neuronal protection was non-significantly increased
E20 cortical cells on normoxia and hypoxia.

3. The effect of KM-C on neuronal protection was non-significantly increased P7 cerebellar granule cells on normoxia and
hypoxia and was decreased (p=0.058) on hyperconcentration of the extracts in normoxia. The effect of KM-C on neuronal
protection was significantly increased P7 cerebellar granule cells and E20 cortical cells on normoxia and hypoxia (10 DIV),
and the effect was E20 cortical cells on normoxia (14 DIV), non-significantly increased E20 cortical cells on hypoxia
(14DLV).

4. The effect of KM-D on neuronal protection was increased P7 cerebellar granule cells on normoxia but was not on
hyperconcentration of the extracts, was significantly decreased on hyperconcentration of the extracts in hypoxia. The effect of
KM-D on neuronal protection was significantly increased E20 cortical cells on normoxia and was significantly increased E20
cortical cells increased on hypoxia (10 DIV).

Conclusions: Goomicheongsim-won (JUbiE.[»JT) extracts had applicable effect on E20 corticells and P7 cerebellar cells
exposed to hypoxia. The effect on neuronal protection by elimination of Rhinoceros unicornis L.(fEf) and/or Orpiment
As:Ss(Fiff ) was changed. (J Korean Oriental Med 2002,23(1):120-132)
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Table 1. The Amount and Composition of Goomicheongsim-won Extracts

Species Part used Latin name Weight(mg/pill)
Typhae latifolia L(baked) Pollen Typhae Pollen( ji#&) 142.0
Rhinoceros unicornis L. Cornu Rhinoceri Cormu( FEA) 113.6
Scutellaria baicalensis GEORGI Root Radix Scutellariae( #%) 85.2
Bos taurus domesticus GMELIN Gallstone Calculus Bovis(4 &) 68.3
Saiga tatarica L Cornu Cornu Tataricae( #3EH) 56.8
Moschus moschiferus L Resin Moschus(§8%) 56.8
Dryobalanops aromatica

GAERTN. f Resin Borneolum( BEFE) 56.8
Orpiment As:S: Realgar( i 1# %) 455
Apis mellifera L. Mel(#&2) 625.0
Gold Gold(4:5%) qs.
Total 1,250.0
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5. MTT assay

96-well platesl| x| A7 A FLe wfoko] EBpA =
= iR 1804 8 HFo] 3, MIT 20045 9 &
37TAM 4A O ujFEtnh AR 3900 X
g, 108) 4542 A A3}1 ethanol-DMSO (1:10) &
&} 1504 E 91 2087 Hekste] formazan AA &
382171 & 650 nMel 4] ELISA reader® o] $-3td
F4E(0Ds)E 27310tk

6. LDH assay

96-well platedl| 4] 2173 A| FE2] ufjoko] BUA Hjok
A 2018 MZE 96-well plates] &7} pyruvate
substrate(NADH 1 mg/ml)Z 2044 718t 3, 2420
A 283t e F 37°CA 3083 O Wekskgh
dA Al ek(color reagent, Sigma 505-2)& 204& 713}
o Gl 20837 Nesla, 0.4 N NaOHE 1004
A 7bete] Aol A 1583 o X9E T ELISA
reader2 &4 (ODs0)E &4 811 ch

< HaY guleR dgsidin, Axe
< 2T ek WE (% of contro) 2 FA)
Atk 548 942 Mann-Whitney U test2
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gl AAAT D AP EE wekrZ
oA A EEE neurited YA 817 AlZEte] 24
AR Foe AR gl dA 20-30um7kA] sk
. iH 9 g AN EE SRR o8 79 A
E718 WAHFig. 1A). vH ol 2H AP TE= <k 8
o] 2+ A EA|(soma)e} & 7| T-& F 9] A7
7IX1E He EAol U HFig 1B} inset). A &
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Fig. 1. Neuronal cultures.

The rat embryonic day 20(E20) cortical cells and
postnatal 7day (P7) cerebellar cells were dissociated
in Neurobasal media as described in Materials and
Methods. Typical cultures of E20 cortical neurons(A)
and P7 cerebellar granule cells(B) were shown.
Neurons with long one or two processes are
characteristics of cerebeliar granule cells, which is
obviously seen in B and inset. Bar, 20un.
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92 A7 AEE 98% N2/5% CO:21 A (37°C) 3217t A
231 1,3,5, 7% Fof] AEEE 2AFIATHFig2).
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o] ${AH(Fig. 3).

3. BiAME Aol e MEME HEE
7 DIV E20 thy 3] & AAAEE 500~2,000 cells/
mee} D=2 v ksl =, 2,000 cells/mee] 73

semi-confluency E ©]§o] Al7A7}AE0] uj °<§‘%7 19]
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Day after Shock

Fig. 2. Survival rate of cortical neurons after hypoxic insuit.
E20 cortical cells were exposed to hypoxia(98%N:/5%CO:,
3hr, 37°C) on 7 DIV, and then further incubated in
normoxia for various days. the neuronal viability was
measured by MTT assay, and expressed as percentages of
control(Day 1). About 19% of cells were dead by day 3,
which is statistically very significant. closed circles,
p<0.01. n=16.
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100 F T °
80 |-
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Viability (% of control)

Q 1
Day 0 Day 1 Day 4 Day &5 Day 7

|—Shock 100 96.25 86.07 75.56 66.42

Day after Shock

Fig. 3. Survival rate of cortical neurons after hypoxic insult.
P7 cerebellar cells were exposed to hypoxia(98 %N/5%CO,,
3hr, 37°C) on 7 DIV, and then further incubated in
normoxia. On indicated days, neuronal viability was
measured by MTT assay and expressed as percentages of
control(Day 0, i.e., just before insult). closed circles inkicate
very significant difference (p<0.01). n=16.

123



(124)  gigrgheiatal =] #1239 41352002 399)

vtetS A9 YAt Zbzte] dxe] LTS §
et 7ok fEslAl 22 B 5 shock T 49
v w3k A7, 500 cells/mree] AWEoM 74 o
17%2] z}o]|E& K.g.om, 1,000, 1,500 cells/mrol A =
242t 1.7%, 11.8%2) 2ol & B P th(Fig. 4). AakA
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& 015 '_‘
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© 0.1 17%
[
s
o |
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[J- KM/-shock | 0.08 0.13 0.17 0.18
[3- KM/+shock | 0.05 0.12 0.15 0.19

Cell Density (cells/mm?)

Fig. 4. Cell density-kependent neuronal viability in hypoxia in

the absence of KM(E20 cortical cells, -KM, +or -
shock).
E20 coritcal cells were grown without WC, exposed to
hypoxia(98%N/5%COx, 3 hr, 37C)on 7 DIV, then further
incubated in normoxia for 3 days. The neuronal viability
was measured at ODeso after MTT assay. n=8.
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Fig. 5. Effect of KM-A on neuronal protection (cerebellar
cells).
P7 cerebellar cells were grown in various concentrations
of KM-A. On 7 DIV, cells were exposed to hypoxia
(98%N:/5%CO:, 3 hr, 37°C), and then further incubated
for 3 days. Neuronal viabilities were expressed as
percentages of contuol(no KM-A added). Closed circle,
p<0.01. Open circle, p<0.05. n=8.
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Fig. 6. Effect of KM-B on neuronal protection (cerebellar
cells).
P7 cerebellar cells were grown in various concentrations
of KM-B. On 7 DIV, cells were exposed to hypoxia
(98%N/5%Co:, 3 hr, 37 ), and then further incubated for
3 days. Neuronal viabilities were expressed as percentages
of control(no KM-B added). closed circle, p<0.01. Open
circle, p<0.05. n=8.
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Fig. 7. Effect of KM-C on neuronal protection (cerebellar KM-B7} /44t 8t 3ol o= F= AEE B
colls) S, AsBANAE 9308 4] 48 2

P7 cerebellar cells were grown in various concentrations
of KM-C. On 7 DIV, cells were exposed to hypoxia ig=
(98%N:/5%CQ:, 3 hr, 37C), and then further incubated
for 3 days. Neuronal viabilities were expyessed as

percentages of control (no KM-C added).*, p=0.058. n=8. (3) FUBRIS (T FHHEEKM-C) o] g3}
BN BN KM-ASE 2& 7o 2 7DIV
140 P7 A APAZE Wik} BAl) KRBT £0
2 12 * HR(KM-C)& H7lsta 3dAl AEe] 4&8S
§ % 100 . MTT assay HP © 2 2 AV} thFig. 7). 0.5 pe/ml 5
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Concentration (ug/ml )
Fig. 8. Effect of KM-D on neuronal protection (cerebeilar

cells). 2.5 ug/ml) 5o A M FEEA o] Uelyton AAta

P7 cerebellar cells were grown in various concentrations =20 0= o EREI oro =

of KM-D. On 7 DIV, cells were exposed to hypoxia e T ﬁo'r KM-CZ ;537}'01‘;(1 BT EH—'—T’_.LOH
o] EAA AL giiov), AH3.2%)e B

(98%N:/5%CQO:, 3 hr, 37°C), and then further incubated B]
for 3 days. Neuronal viabilities were expressed as -
percentages of control (no KM-D added). Closed circle, .—9—_&}%0] ﬂﬁiq(ﬂg. 13,2.5 ug/ml columns).
p<0.01. n=8.
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Fig. 10. Effect of KM-B on neuronal protection (cortical cells,
3 DIV after shock).
E20 cortical cells were grown in various concentrations of
KM-B. On 7 DIV, cells were exposed to hypoxia
(98%N:/5%CO:, 3 hr, 37C)and then further incubated for
3 days. Neuronal viabilities were expressed as percentages
of control (no KM-B added). n=8.
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Fig. 9. Effect of KM-A on neuronal protection (cortical cells,
3 DIV after shock).
E20 cortical cells were grown in various concentrations of
KM-A, On 7 DIV, cells were exposed to hypoxia
(98%N/5%CO:, 3 hr, 377C), and then further incubated
for 3 days. Neuronal viabilities were expressed as
percentages of control (no KM-A added). Closed circle,

p<0.01. Open circle, p<0.05. n=8.

126

Concentration (ug/ml)

Fig. 11. Effect of KM-C on neuronal protection (cortical cells,
3 DIV after shock).

E20 cortical cells were grown in various concentrations of
KM-C. On 7 DIV, cells were esposed to hypoxia
(98%N/5%CO:, 3 hr, 37C), and then further incabated
for 3 days. Neuronal viabilities were expressed as
percentages of control (no KM-C added). Closed circle,
p<0.01. Open circle, p<(.05. n=8
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7 DIV E20 i 2 ABAEE Wl g FAlol
KM-BE #718ln @z Axe AEES LDH
assay WP o2 ZAVGE AT, 10DIVE A3 AR
Bl A= 0.125 ug/mle] FE oA 12.1%2] 27}
g Rgoy fode sigien, 02525 w/ime &
TolMe 53 AFs JehA eSkrh(Fig 17).
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A= SEg Fapr} ehbA] ZskthFig. 14).
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Fig. 12. Effect of KM-D on neuronal protection (cortical cells,
3 DIV after shock).

E20 cortical cells were grown in various concentrations of
KM-D. On 7 DIV, cells were exposed to hypoxia
(98%N/5%CO0:, 3 hr, 37°C), and then further in cubated
for 3 days. Neuronal viabilities were expressed as
percintages of control (no KM-D added). Closed circle,
p<0.01. Open circle, p<0.05. n=8.
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Fig. 13. Effect of KM-A on neuronal protection (cortical cells,
7 DIV after shock).

E20 cortical cells were grown in various concentrations of
KM-A, On 7 DIV, cells were exposed to hypoxia
(98%N2/5%CQO:, 3 hr, 37°C), and then further incubated
for 7 days. Neuronal viabilities were expressed as
percentages of control (no KM-A added). Closed circle,
p<0.01. Open circle, p<0.05. n=8.
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Fig. 14. Effect of KM-B on neuronal protection (cortical cells,
7 DIV after shock).
E20 cortical cells were grown in various concentrations of
KM-B. On 7 DIV, cells were esposed to hypoxia
(98%N:/5%CQ:, 3 hr, 37°C), and then further incubated
for 7days. Neuronal viabilities were expressed as
percentages of control (no KM-B added). n=8.
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7 DIV after shock).

E20 cortical cells were grown in various concentrations of
KM-C. On 7 DIV, cells were exposed to hypoxia
(98%N/5%CO:, 3 hr, 37°C), and then further incubated
for 7 days. Neuronal viabilities were expressed as
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p<0.01. n=8.

128

Regrgle

o

% % A

@) JURF LI FRA - LH#EEEKM-D)S g3}

7 DIV E20 T sl AAMZE vk} £A]0]
KM-DE #7lstn iz Aol 4282 LDH
assay o g ZA3IGT) 10 DIVE] A AFAkA317
Bl A 0.125-2.5 ug/ml e £ KM-DE= 11.5-22.6%
o W% #9d AE(P<0.01) F71E Ron(Fig.
12), 14 DIVE] A -$olle AZAEEe] 2 Z7He ¢

Aoyt 0.25 2 25 w/mle) FEANA 22 3.6 2
43%9] 949 A=(p<0.05) Z718 B g iFig. 16).

2E 279 AXE Asta A2 347 B A
23t F 3 A 0.125 ug/mie] ATl = A &
Bt SR, 0.25 ug/nlN A E 3.9%9] SelA e
(p<0.05) Z7}2 BQ OV, 0.5-2.5 ug/nl®) 1 EEo) A
= 45~6.0%2] |5 824 9) A=pE<0.01) =715 B
SicFig. 12). A4% 45 F T2l E Ao A
43 012525 we/ml TR YAH EHEE g7}
BRA] 23k et, 025 wg/ml FoA 33%2) 5A S
Hog uj$ fol4 YEE<001) 3742 ekt
(Fig. 16). m2tA] KM-DE Hjzr]dle A4 2 A

120

oe )
=S Mo M
o ©°
® = 80 r
> 5
< © 80
Sa
5 52 40
O ~
= 20
o]
_C_)__ 0125%0251 0.5 25
[ KM-D (-shock) | 100 | 100.1 103611021 1043
I KM-D (+shockﬂL 100 101.0[103.3 101.11[101.9

Concentration (ug/ml)

Fig. 16. Effect of KM-D on neuronal protection (cortical cells,
7 DIV after shock).

E20 coritcal cells were grown in various concentrations of
KM-D. On 7 DIV, cells were exposed to hypoxia
(98%N/5%CO:, 3 hr, 37%C), and then further incubated
for 7 days. Neuronal viabilities were expressed as
prercentages of control (no KM-D added). Closed circle,
p<0.01. Open circle, p<0.05. n=8.



714 9 49 ¢ fukiFLITe] AdLF Fd A BA R niAe 9% (129)

28R AN AMEA FAEATL AF o, ug
7l A9 R EH} Qle& BAAgT

Pz

1

M

A gz kKB K ol dth a5 F
3718l FFAER A, BE, B ol tEH
o URELTGS FEF T AW FAA olgIR
gkt 7] Hol o]Foj Ao, F2 (1w
#IE WHEste] LiER, HERS A Eded &
SE AR Aol HURE TGS Bl ARl
A gon Ad A L3 Qo 4 EFL
6ol 718 Ao 2 Jukim Lt e A7t 2
a3tk

JURELTTE R A mE R E - HES
BE - EN RiE - 2%eE FAEY dd o
FAN EfAE EE3H7 AT ol F - A E
FAAH A #g P (CITES, Y™ Washington
ohol] oste], Tt A EFEAA ] oA
Aol FAE L e AR 7NF o osla] Algo] F
A=A} 222, ke 84 A 584
kA e} fral BEA dAY FAR st 9
2 AMEE 4= glA ST

FEF LTS HE - BAgE - Zoiel wgEe] 9ol
e, AREoFEe] WAL HwA mrle]w, Alg-ok
B 5 aA%E] o] Aol drh ol Arke
FURFELIGS Agsle] HAZ REhg 9 ZR| 48
LA 35S ASstuA B Ad S Asisdh

HArAZ0] 73S HAZAM L] A G Al
b glutamate 84| 2] Zhohgt &Aoo, £t
et = glutamate7} milimolar ©Y 2 Z) 3o,
A AF AzALA e AEY glutamate?)
TR} FaHoW #2 AT ettt ol 28
1 glutamateo] Io}slA] w2 HH ARAAE &4
zHet=d ol B4 TES
glutamate $-E#-549-& ¥ B9 ofyg, o} L

o

w3} pe geay 2delM AFAE Agel 9

carrier®] reverse operationd]] 2]sled Al £ 9] glutamate
o) B ohe FolAlid, ol Cat ol & F2Q)
NMDA &A1 #Hoh3t &4d& Zefste] AlE
[Ca¥lig] T=& 7T AAAEY AlE X
Aete Ao dHA An.

28 380 ¢ £& AZ9 gutamates] $E5}
[Ca*]ig 5% ool FBoz FEE Y} AFAEY
Ae 4 A 5 37} Avol Lol o)
& 717t Ftel glutamated] it f2]7F 217 A]
¥ Abge] F | w o] zle] HHA Alle] ofy
2t o] 7)17t F<holl NMDA +&-#¢) &4 3} [Ca*]id)
Zolel I 57 BHol 4T 48L FE AN
8te, o2l gt A A4 WA ZAIYS AEEE £ A
F& & U= AA A /E A FE

A A ABHE] A& NMDA 83 234
(antagonist) & 3| ¥ &FFo| Al HAE &
Slg B opjzhv, A2e waol e Al
MK801Z 48417F Ao Atz A A4 A4 A
FAF A ZH Tk b, o2 g Ade 58
=A% NMDA F&-49] 847 [Ca]ig] F7tel 9
g Tl Aol ¥o] M EAl] Fa3 98-S TS
AIAFSHEE, o] 717kge] M EAM] HAdte T
2] FdE dAste AL AZTA Ao wj - F
L3tk

AT A AY A EALY] e HEFY FE9)
W9l upe} AA gy, FAZE o3t E A
& 82 oW Fodle UM F F 2% 3t
Wem, e 2N oA BEo) AL &4
W Hele AlTke] Fr.

A & Aol 4 & LT subsetZ 43

7betAl ¢kt 7% AAwd Wit deheR g A
ag mdoa axagA e} g AT
& o]-&3t ZAFEI )

A 222 %(98% Nof 5% CO: 34131 thy] 9 A Al
BAEE AZALS FEo Ao)7t Tk =A%
AMEE 1,3,5,74 582 100, 80.85, 59.68,
5948% AE&S B v, 3~49 Aol 714 Bol

129



(130)  hggteletal Al A238 A15(2002 34)

Arsta T8oE o o AbgetA] &gttt Al
BAZE B AT Zo] 3~4d9] 71 Bol
AL o, A A A 2o Bldkel AbgH] &0
ot} o= AAM L] Tl et A4tiFe <
3 &4 Aot depdlE ouishy AHAIRAE
7t &AEE HojF)h

F3 PHAAATE 1,500 cells/mre] A ExEo|
AN AEEET 2SR ERE P A BEE T U
AT AA A E Foll A A2 des viA Y o2
717 G 9 A= R R od3kg mlA
A|Ee] A Eol HoJhrlo. o] gk ] A &7 At
olg AMaZd g% NEELS FFE F+ W
) Eo] MG TS ArE EIFEE &
otk 182 B AdTe U 2 AAAME
9] (A ZALE 397 7UR, 1,500 cells/mee] A
EFkolA Ao Hslit.

KM-Ae &HAHPAE 2 dio]d JAZAE =
T3 AL e X B
#7F AUk

A IPA 2 7F- KM-Be Ak 3H7 o A
AL FAE AEE HIFAA T, A2
33 AE AEES Fo4 A ZaAAG KM-C

T 3% 2 AdagRdA AE YEeS ﬂ**
UA FIAIIA = BRI, 2.5u/mle] 3F

R X % | 1 }(pﬂOSS) AEEE A oWzi
tt. KM-DE A28 o AlE B3 asst ¢

Rnon, Xhéiya‘oﬂ Me E83 g3t gAY 2
FEAAE 2318 /oA A AR
=l ABAEY] A KM-Be 3 2 A4t
AR AL HEES T4 JA FTHFIA
TVoll A} 7 Ak gh of A
AEge 3718 JE L, 14
DIVe] A gatastAoa S5d3 2t glglen
A28 ANM Fo4 UA F7HsATh KM-De
w2719 Fd 2 LSRN A TAL AR
7} AR A ov), wiFErlee A Baawst

Adrz A7 F2 AEHE U Fe v

130

F 39 2HAFAE F diH9d AZAE
1983\ o| % F A AHEEH Ao, ’éiﬂ%
A dejue Ha e 3L olaisted B 4
ote] 2 ATt Ao, A, A At Eﬂfﬂ bl
To| HEXe AAA AAR dojve Helvg s
o|&}|3l= Ao|t}. In vitro system2 FE 7ol that
AnE g AFE § dov, 282 A dez o
&3 g & gk RPAROIN Bel BF - Y
o) B Aol g A4S Bolapl s
SAgel a3 847t AR S o RE 2
2L 3dY &35 Aed, A AEAE Fe
AZBAE W FH HxFo] 2L 7|3 & FA F=rh
Brain slicex= A& 227 715 A fA W3}
7} ¢lth. 8ER| L brain slices W& ATP values$d 4
TH 37149 BEAY 22 BA4E dALH
(compromised metabolic state)o]] o™ HE £4fo
RSP, Brain slices 44 273} Fez oz o
20, slice ZHH| 2] £H] 5 o] stress-related mRNA
9} immediate early genes2] HAME FEAIZIch o] A
o) A3k LAASA A, S VRS W)

Az 2 Qb

g eR ARAENG AATeE A aT oA
ki LITel gk AR A EAL WA 7] 2

SA R AAgez At ARAEARS] 7
apoptosis©l] Tojdl vzl o] <
7, o] kA EL] HA ol 23}
o] ojH A2 E E3}o] apoptosisE YA
A S TheA o] o,

2 M e Mg ABAEAN AT
dZ o] &3l HEROR gholatolA AHsta 9l
£ ARE LY ABAE AR Zeol U&S
AZsAT B3 A A E BAT AES A9
F9S A5 Ak LILY vi"*"ﬂ B3 ae7
Ak A A Wt gl AFstart o9k
#2e A7e sAGAA gk AR A7)
Asle] AAHQ] BeHFol sttty A=,
kAol FA471Ae FF FAREEE FEdA A

AR A77h AR Ao & Aoz Azt

s



714 9l 491 ¢

2 =
AAVE kLT AES S8 A APAE
R EEEREPELIEEEE ST
YRSt frel BB A FAZ AEE 5 8
A B A R GRS ARG 9@ Tese T

317 95l AAAZ guk wjRAAA Lo AE
AEE 233c ded) e 493 AYS Ah

LUK ITE 38 B A7 o] Ax A Al
¥ 2 gead AAAEY 2SS FA A
7R

2. UK OTE RREAS AYAHATE FA4
BHoA ol Fx H3 *8}%!%1 , A k87 o) A
= 7o e AEE FAENE UrEhHﬁiD} o+
A AFAE] Y2EL 7é U R et - B
AN FoA e S/ 8L E}.

3. UBRIFLIE BAHEES FY 2 AarA S oA
AHAPA Y] A2 S WA*é SA F

FAFG L, 2.5ug/ml o] TEEE] B ARG A <k
ZHp=0.058) AZE &S At Z o) di= = 21734
Fo] AEES 10DV A 2 AL sA oA F
o4 JA F7HEA, 14 DIVE] A3 of A
Ed3 37} gllom ALasAddAa #9494 4l
A F7HE A

4. FURFE LT REA - OEES A A7
A aEIAYPAEe] BEES F/AIZ o, AR
elA B3 gt gled, 1 eEdAe 2
2 FoA A A Ak =9 A A Az A
Ee e FAILTAANN F8 UA SR,
10DV AikagtA ol f-94 A S/ Ak

it

rak

IEE

L BRATSC. K7 AR . BAL AL, 1975:1-
3,256.
2. FRE. KEHHS RABR. MEEBEE.

Uk LTTOl AL

10.

11.

12.

13.

14.

15.

16.

4% L fFAAA 2 miA e 4% 13D

1998:611-6.

249, EIQABAL N g
234.

TRER. BRI BERR). ik LR, 1984:45
1;10,11.

WK Min, YS Kim, JY Kim, SP Park, CK Suh. Athero-

o B ZHAL 1985:71,

thrombotic cerebellar infarction vascular lesion-MRI
correlation of 31 case. Stroke. 1999;30(11):2376-81.
Matti Hillbom, Heikki Numminen, Seppo Juvela.
Recent heavy drinking of alcohol and embolic stroke.
Stroke. 1999;30(11):2307-12.

Thomas Mooe, Bert-Ove Olofsson, Birgitta Stegmayr,
Peter Eriksson. Ischemic stroke -

myocardial infarction. Stroke. 1999;30(5):997-1001.

Impact of a recent

Szatkowski M, Attwell D. Triggering and execution of
neuronal death in brain ischemia: two phases of
glutamate release by different mechanisms. Trends
Neurosci. 1994;17(9):359-65.

Choi DW. Glutamate neurotoxicity and diseases of the
nervous system. Neuron. 1988;1:623-34.

Brain Meldrum, John Garthwaite. Excitatory amino
acid neurotoxicity and neurodegenerative disease.
TiPs. 1990;11:379-87.

Jan Platenik, Nobuyuki Kuramoto, Yukio Yoneda.
Molecular mechanism associated with long-term
consolidation of NMDA signals. Life Sciences.
2000,67:335-64.

Peter Lipton. Ischemic Cell Death in Brain Neurons.
Physiological reviews. 1999;79(4):1432,1435,1450.
Hartley DM, Choi DW. Delayed rescue of N-methyl-
D- aspartate receptor-mediated neuronal injury in
cortical culture. J. Pharm. Exp. Ther. 1989;250:752-8.
A FERLITl HAe HER v e 9T
thacheta ok, 1993.

ZE <, oA, o2, 249, 1-87], AIvh 3], 2
it AFEHLTY H8E € F3AAA g
kg . oF8}3)#). 1998:41(6):817-28.

274 £ EH LT FARHEY 228 fdd



(132)

17.
18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28,

132

hetete)als) A A234 A13(2002 39)

A8 g i FAAAEE o] &g AXaZd n]A]
= 9% T sk, 2000.

Frig. B M &4 B3AL 1981:171-3.
Brewer GJ, Torricelli JR, Evege EK, Price PJ.
Optimized survival of hippocampal neurons in B27-
supplemented Neurobasal, a new serum-free medium
combination. J. Neurosci Res. 1993;35:567-76.

Curtis DR. Johnston GAR. Amino acid transmitters in
the mammalian central nervous system. Ergeb.
Physiol. 1974;69:98-188.

Olney JW, Sharpe LG. Brain lesions in an infant
rhesus monkey treated with monosodium glutamate.
Science. 1969;166:386-8.

Olney JW, Ho OL, Rhee V. Cytotoxic effects of acidic
and sulfur containing amino acids on the infant mouse
centrao nervous system. Exp. Brain Res. 1971;14:61-70.
Olney JW. Inciting excitotoxic cytocide among central
neurons. Adv. Exp. Med. Biol. 1986;203:631-45.
Meldrum B, Garthwaite J. Excitatory amino acid
neurotoxicity and neurodegenerative disease. TIPS.
1990;11:379-87.

Choi DW. Bench to Bedside: the glutamate
connection. Science. 1992;258:241-3.

Roger T, Balu C, Kimberley H, Joseph T, Paul M,
Trevor A, Jon PD. Transient NMDA receptor
inactivation provides long-term protection to cultured
cortical neurons from a varietu of death signals. J
Neurosci 2000;20(19):7183-92.

DU C, R HU, CA Cseransky, CY HSU, DW Choi.
Very delayed infarction after mild focal cerebral
ischemia: a role for apoptosis. J. Cereb. Blood Flow
Metab. 1996;16:195-201.

Kirino T, A Tamura, K Sano. Delayed neuronal death
in the rat hippocampus following transient forebrain
ischemia. Acta Neuropathol. 1984,64:139-47.
McGEE-RUSSELL SM, AW Brown, JB Brierly. A
combined light and electron microscope study of early

29.

30.

31

32

33

34,

35.

36.

37.

38.

39.

anoxic- ischemic cell change in rat brain. Brain Res.
1970;20:193-200.

Kirin T, K Sano. Selective vulnerability in the gerbil
hippocampus following trasient ischemia. Acta
Neurophthol. 1984;62:201-8.

Young TH, Huang JH, Hung SH, Hsu JP. The role of
cell density in the survival of cultured cerebellar granule
neurons. J Biomed Mater Res. 2000;52(4):748-53.
Dawson VL, VM Kizushi, PL Huang, SH Snyder, TM
Dawson. Resistance to neurotoxicity in primary
cultures. J. Neurosci. 1993;13:2651-61.

Myers RE. A unitary theory of causation of hypoxic
brain pathology. In: S. Fahn, JNDavis, and LP
Rowland. Advances in Neurology. Cerebral Hypoxia
and Its consequences. 1979;26:195-213.

Rothman S. Synaptic release of excitatory amino acid
neurotransmitter mediates anoxic neuronal death. J.
Neurosci. 1984:4:1884-91.

Lipton P, TS Whittingham. Energy metabolism and
brain slice function. In: Brain Slices, R. Dingledine.
NewYork Academic. 1984:113-54.

Zhou Q, H ABE, TS Nowak, Immunocytochemical
and in situ hybridization approaches to the
optimizaation of brain slice preparations. J. Neurosci.
Methods. 1995;59:85-92.

Mosmann T. Rapid co lorimetric assay for cellular
growth and survival: application to proliferation and
cytotoxicity assays. J Immunol Methods. 1983;1665(1-
2):55-63.

Boutilier, R.G. St-Pierre, J., Surviving hypoxia without
really dying. Comp. Biochem. Physiol. 2000;126:481-90.
Kenneth JB, Ying Xia, Gabriel GH. Mechanism
underlying hypoxia-induced neuronal apoptosis.
Progress in Neurobiology. 2000;62:215-49.

Mary BK. Signal-processing machines at the
postsynaptic density. Science. 2000;290:750-52.



