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f The Effect of Woohwangcheongsim-won for Delayed Neuronal Death in OGD
(Oxygen-Glucose Deprivation) Model

Cheol-Hwan Won, Sung-Hyun Jeong, Gil-Cho Shin, II-Soo Moon"” Won-Chul Lee

Departrent of Internal Medicine, College of Oriental Medicine, Dongguk University,
Department of Anatomy, College of Medicin, Dongguk University®

Objectives: The purpose of this investigation is to evaluate the effects of Woohwangcheongsim-won and to study the
mechanism for neuronal death protection in OGD (oxygen-glucose deprivation) model with embryonic day 20 (E20) cortical
cells of a rat (Sprague Dawley).

Methods: E20 cortical cells were dissociated in neurobasal media and grown for 14 days in vitro (DIV). On 14 DIV,
Woohwangcheongsim-won was added to the culture media for 72 hrs. On 17 DIV, cells were given an oxygen-glicose
deprivation shock (2hrs and 4hrs) and further incubated in normoxia for another three days. On 20 DIV,
Woohwangcheongsim-won s effects for neuronal death protection were evaluated by LDH assay and the mechanisms were
studied by Bcl-2, Bak, Bax, caspase family.

Results & Conclusions:

1. This study indicates that Woohwangcheongsim-won’ s effects for neuronal death protection in OGD modet is confirmed

by LDH assay in culture method of embryonic day 20(E20) cortical neuroblasts.

2. Woohwangcheongsim-won s mechanisms for neuronal death protection in OGD model are to restrain inflow of

cytochrome c into cellularity caused by Bcl-2 increase (2hrs and 4hrs), to reduce the caspase cascade initiator caspase-8
(4hrs). (J Korean Oriental Med 2002,23(4):125-139)

Key Words: Woohwangcheongsim-won, Bcl-2, Bax, Bak, caspase, OGD.
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TR G4 4AZL £ ColA 18413 &
, © & 15,000pmol| 4] 1523 A4 &eletod 45
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Coll 2AAu) AZE9 WHdry weigh)y2 1ml
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B Aol AFE-3t 31 S Table 20 UERARITH
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o} e s A 22 S 37°ColA] 583} 0.25% trypsin
o2 g% i 1mM sodium pyruvate®} 10mM
HEPES(pH 7.4)7} A 7}¥ HBSS£9(Gibco, BRL)

smiz 4~52 AlAse) Wee FUAAT 22S

()

Iml Hank' s $4 02 $7)3 Bg B @70 79
< Z}AEF pasteur pipette 0. 2 6~73] SHA)A 41
AZE BT o] & BAtE A|ZE Bod A

EFE 238 e 2 1,500cells/ mm’%E =2 B27

Table 1. The Amount and Composition of Woohwangcheongsim-won

Latin name

Species Part used Producing district Weight(mg/pill)
Dioscorea japonica DECNE Root Korea Rhizoma Discoreae(|1i%%) 280.0
Glycyrrhiza uralensis FISCH(baked)  Root China Radix Glycyrrhizae(HE) 200.0
Panax ginseng C.A. MEY. Root Korea Radix Ginseng( N%%) 1000
Typhae latifolia L(baked) Pollen China Typhae Pollen(§ ) 100.0
Trictium sativum L(baked) Seed Korea Massa Medicata Fermentata(Th38)) 100.0
Rhinoceros unicornis L. Cornu China Rhinoceri Cornu(JEf5) 80.0
Glycine max MERR(baked) Seed Korea Glycine Semen Germinatum (KG 5&%) 70.0
Cinnamomum cassia PRESL Cortex China Cortex Cinnamomi(iR%E) 70.0
Equus asinus L(baked) Gelatin China Asini Gelantium(FiE) 70.0
Paeonia lactiflora PALL Root Korea Radix Paeoniae( A E%5) 60.0
Liriope platyphylla WANG Root Korea Radix Liriopis(3f"1%) 60.0
Scutellaria baicalensis GEORGI Root Korea Radix Scutellariae(FH%) 60.0
Angelica gigas NAKAI Root Korea Radix Angelicae(E5%) 60.0
Ledebouriella divaricata HIROE Root Korea Radix Ledebouriellae(B5 J8) 60.0
Atractylodes macrocephala KOIDZ ~ Root Korea Rhizoma Atractylis( 71t 60.0
Bupleurum falcatum L Root Korea Radix Bupleuri(5%58) 50.0
Platycodon grandiflorum A. DC. Root Korea Radix Plarycodi(k&HE) 500
Prunus armeniaca L semen China Semen Armeniacae Amarum(ZF{2) 50.0
Poria cocos WOLF Mycelium Korea Poria( £ %) 50.0
Cnidium officinale MAKINO Root Korea Rhizoma Cnidii(J1|£5) 50.0
Bos taurus domesticus GMELIN Gallstone Australasia Calculus Bovis(4- ) 48.0
Saiga tatarica L Cornu China Cornu Tataricae(¥EfH) 40.0
Moschus moschiferus L Resin Russia Moschus(&%) 40.0
Dryobalanops aromatica GAERTN. f  Resin China Borneolum(BENE) 40.0
Ampelopsis japonica MAKINO Root China Radix Ampelopsis(8 k) 30.0
Zingiberis officinale ROSC(baked) Root Korea Rhizoma Zingiberis(47E) 30.0
Zizyphus jujuba MILL Fruit Korea Jujubae Fructus(KEE) 2300
Apis mellifera L. Korea Mel(i%%) 1,600.0
Gold Korea Gold(&8) gss.
Total 3,750.0

Table 2. Antibodies Used in this Work

We examined that Rhinoceri Cormu( BE f) was obtained before 5 years and Moschus(§%7%) was consisted of muscone(C16H300) above 0.5 ~2%.

Antibody Host Usage Source
Bak rabbit 1B polyclonal Upstate Biotechnology Inc.
Bax rabbit B polyclonal Upstate Biotechnology Inc.
Bel-2 mouse 1B monoclonal Upstate Biotechnology Inc.
Caspase-1 rabbit 1B polyclonal Upstate Biotechnology Inc.
Caspase-3 rabbit IB polyclonal Upstate Biotechnology Inc.
Caspase-6 rabbit IB polyclonal Upstate Biotechnology Inc.
Caspase-8 rabbit 1B polyclonal Upstate Biotechnology Inc.
Caspase-10 rabbit B potyclonal Upstate Biotechnology Inc.
PSD-95 mouse IcC monoclonal Upstate Biotechnology Inc.
septin 6 rabbit B polyclonal obtained from Dr. IS Moon

1B ; immunoblot. IC ; immunocytochemistry
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£ #7}3 plating Neurobasal media(Gibco, BRL)
(100ml Neurobasal, 2ml B27 supplement, 0.25ml
glutamax I, 0.1ml 25mM glutamate, 0.1ml 25mM 2-
mercaptoethanol)oll &8t 5% CO: Hl F3ol| A Hj
Fg Thg 2~39 Aoz W
Neurobasal media(100ml Neurobasal, 2ml B27
supplement, 0.25ml glutamax )2 1,38 233} 0}

2) FEiF.ooel Al

vl ok 14Y(14 DIV)o] 4 & 0TS 20 we/nld] =
T2 Arieta 39 o mie ¥ 2ol dES A4

ot

HANRT 2

ujj ok 14 (14 day in vitro, DIV)el| A& 20 ueg/ml
TER AVt 72212 Aestich vl 1749
CO: Water Jacketed Incubator(Forma Scientific)E ©|
83t 2% OA5% CO2, 37 C, 4 hrs S A A2 4
Z& FEATh AUA A2 BUD WPAEE
RApaer Mgzel $712 A% M elsic

4) AF-AAkAS 2 dl(oxygen-glucose deprivation)

17 DIV #] 42 1.1mM D-(+)-Glucose S ¥+
3l EBSS(Table 3)2 w5l CO. Water Jacketed
Incubator(Forma Scientific)ol] @o] 2%0+/5% CO: 3
Z8llA 22X e 4AIRE A3 A2’ F, Ao
A s A2 g vk S EAlF) 3 Hd
g7 ol A 74]—"\- ujj &3tAt.

)A{;{«]lﬂ- out I ;1}\]._!‘ _ﬁ_%}\:

17 DIV vjet? g 1.1mM D-(+)-Glucose & ¥3}t
& EBSSZ mA|3to] 2A17F T 447 H21 8 Foj,
25mM D-(+)-GlucoseZ F &3 EBSSE GlucoseE
3| BAAFE dejolA 2417 T 4A] 7 A Ake A g

< feeding

Table 3. Earle’s Balanced Salt Solution

L
8wkt

Atk 1§ Aele] Wkl A2 o

A FEA) 1 Gt asgelA A i et

6 WALE H2 T AT 2 v

17 DIVe] 2403k B 4X]7F A 2kA A2d T 11
mM D-(+)-Glucose Z E?}ﬂ EBSSZ A3 €& 2
AlIZE FAIBEEAIZEE §15), He o] H°ok° le A2
& & Wk 5]5/\]7] BB ANA
A gaisich

D7 AT A 2

(confocal microscopy)

v oF-8-7] (24-well plate) 2 L& ¢ 2l
A& 50044 9] ice-cold D-PBS(0.1g, /L CaCl2, 0.2g /L
KCl, 0.2g, /L KH:PO:, 0.1g,/L MgCL-6H:0, 8.0g,/L
NaCl, 2.16g /L Na:HPO.-TH:0)2 13+l =t

D-PBSE 4°C methanol(5004)2 w3sln 58 &
-20° C methanol(500 )2 thA] w3l the 20°Coj
A 2087 F9t} Methanol< ice-cold D-PBS(500
H)ZE W33 158 ZF preblock solution[0.05%
triton, 5% normal goat serum in h-PBS(20mM NaPO4,
pH 7.4, 450mM NaCl)]& 2o} 4°CollA 117} Az
3tk 1a13HA (PSDY5, 1:2000, mouse monoclonal;
anti-septin, 1:5,000 rabbit polyclonal)& ¥ 1 4°Col| A
1217 ¥h2 A7l 3 A& A] preblock solution &
2084 33) AT, 2RED] EAF 2434
(anti-mouse IgG, FITC-labeled, 1:2,000; anti-rabbit
IgG, TRITC-labeled, 1:22,00008 Y1 143t o ¥hkg

sl

Components Conc. (mg/L) = (mM)
Calcium Chloride (C.Cl2) 199.80 1.84
Potassium Chloride (KCl) 397.50 5.37
Magnesium Sulfate (MgSOs) - 7TH:0 200.65 0.81
Sodium Chloride (NaCl) 6799.92 116.40
Sodium Bicarbonate (NaHCOs) 2200.80 26.19
Sodium Phosphate-H.O (NaH:POs-H:O) 139.38 1.01
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AlZl &,D-PBSE 1584 33 A¥3tn 534 &
1] 4 (BioRad MRC 1024 /ES)o.2 o3t th. 94
£ PhotoShop 5.0 software & 0]-&3}o 712319t}

9) 1 o o A (immunoblot)

12-well culture disholl W] <F3F E20 ti] A QA EE
S8 5tal 1 X SDS-gel loading bufferE ¥ 1 100°C
oA 587 Atk 47 20ug o ThRA-E 8%
32 15% SDS-polyacrylamide gel 719 % (SDS-
PAGE)3} 12, nitrocellulose(NC) membraned)] &4
(100V, 1A17}) Ponceau S&< [0.1%(w,~v) Ponceau
S,0.1% acetic acid] 0.2 583t JA% F FHFR
ggaeld EZEAR A28 AL NCE
TTBS-&94(10mM Tris-HCI, pH 7.5, 200mM NaCl, 0.2%
Tween-20, 0.02% NaN:)© 2 1087+ A& 3l3 4°Col)
A 16~18A17F A2l g T 1xF3FA(1:2,000 ~5,000)%
Y3 247 AT NCE TTBSE2 o2 10%
A 43) A3 3}1, alkaline phosphatase-conjugated 23}
A (1:2,00008 ¥o] 2413F ¥HEAlZl F TTBSS-
o2 1084 23], TBS(10mM Tris-HCI, pH 7.5,
200mM NaCl, 0.02% NaN:)-g-© 2 23], alkaline
phosphatase €389 (100mM Tris, pH 9.5, 100mM
NaCl, 50mM MgCr)o.2 ¥ 7kt A2 st Tl
BCIP(5-bromo-4-chloro-3-indolyl phosphate P-
toluedine salt) @ NBT (p-nitro blue tetrazolium
chloride)& W3 A2old LA F FHFZ A
Haa A FANYG AFY 2L blorg
scand}o] NIH Scion Image Beta 3b software £ signal
density & =785k

10) LDH assay

vkl 204 F 96-well platee]] 7|3l pyruvate
substrateNADH Img,/ml)Z 2044 7}3F the, AL
ANA 287 EE F 37ceA 3083 ¥ EEULL
BEA A} oK (color reagent, Sigma 505-2)8 2044 7}3}
T Aol A 2087 EE ¥ 04N NaOHE 10044
7}eka ALoA 1587 v &5 thS ELISA reader
2 FB=(0D450)E S 8tict

1) Al & 7 =27 (Desitometry)
Aol EFUH NC7F vl2x] 2 AdolA

scanner(300 dpi)E ©] &3l o|ulx}lE A :, NIH
Scion Image SoftwareZ ©]-8-3}<] band intensity2 =
A3ttt o|w] 2D Rolling Ball Mode 2 background
£ Al AT

12) BAA

BE AR 4% gl Al T, Al A
Z5L &2 g WES(% of contro) 2 EA| 8}
Ak ZA A folA-2 Mann-Whitney U testZ 335
3t P<0.05SE §2ld Ao stk

o | :I_I.

1. NZM =S B

D FAB A £ P

Wjokgt 17 DIV E20 ] AZAE 44t
(phase-contrast) €17] 7 AFHl-& Fig3Ae Jehfgich
U 2 M) AAHZE 8 AR T2 AR

Glutam ate

Cytochrome C

mGiuR AMFARl NMDAR
5 - PLATIN I
g2z - VD

.

g S =, calpain . inactive
- H
[=] " caspases v 5
S N + cell

X " i

mitochondria

A Hypothesis for Neuronal death by 0GD

Fig. 1. A hypothesis for the delayed neuronal death by oxygen-
glucose deprivation.
Low glucose and oxygen causes accumulation of excessive
glutamate in the synaptic area and results in the
overstimuiation of NMDA-, AMPA-, and metabotropic
glutamate receptors. The Ca* influx via NMDAR is known to
activate calpain. Thrsough, so far, unknown routes glutamate
overstimulation results in the formation of mitochondrial
permeability transition (PT) pores. The PT pores are formed
by pro-apoptotic proteins such as Bax or Bak. In stead,
formation of PT pores are inhibited by Bcl-2. Once PT pores
are formed cytochrsome c is released from mitochondria into
cytosol and caspase cascade is initiated. The calpain and
caspases degrade specific subsets of proteins that are
essential for cellular life and eventually cause cell death. In
hypoxic insult, PKC is rapidly inactivated. Therefore,
activation of caspases and calpain, together with inactivation
of PKC may be the main signaling pathway underlying
delayed neuronal death by hypoxia. IM, mitochondrial inner
membrane. OM, mitochondrial outer membrane.
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Fig. 2. Experimental schemes.

GD, glucose deprivation. OGD, oxygen-glucose

deprivation. LDH, lactate dehydrogenase.
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Fig. 3. Cortical cells in culture.

A, immunocytochemistry. E20 rat cortical cells on 14
DIV were stained with specific primary antibodies
against PSD-95, and septin 6. FITC-, and TRITC-
conjugated secondary antibodies was used to
visualize the antigen as described in detail in
Materials and Methods. Note the punctate staining
(arrowheads) along dendrites when two images were
superimposed. B, Sister cells as in panel A in
normxia. Phase-contrast microscopy. C, Sister cells
as in panel A in hypoxia. Note vacuoles formed in
soma (arrowheads). Phase-contrast microscopy. Bar,
20 um{micrometer).
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Effect of WC on Neuroprotection
(hypoxia model, 4hrs shock)
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atwe|  114.12 107.40 12818 124,54
Day after Shock
@ 0 .
B oS Hypoxia
S LDH assay
@
i\ Y ! P T N
Div 17 3 0 3 7

Fig. 4. Neuroprotecive effect of Woohwangcheongsim-won
in hypoxia (4 hrs shock).
A, E20 cortical cells were grown in 24-well plates. On
14 DIV, Woohwangcheongsim-won was added to the
culture media at 20 ug/ml and incubated for 72 hrs.
On 17 DIV, cells were given a hypoxic shock (2%
0:/5% CO:, 377, 4 hrs) and further incubated in
normoxia. Cell viabilities were measured by LDH
assay and expressed as % of control. B, experimental
scheme.
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Fig. 5. Neuroprotecive effect of Woohwangcheongsim-won
in hypoxia (4 hrs shock).

A, E20 cortical cells were grown in 24-well plates. On
14 DIV, Woohwangcheongsim-won was added to the
culture media at 20 ug/ml and incubated for 72 hrs.
On 17 DIV, celis were given a hypoxic shock (2%
0:/5% CO:, 37T, 4 hrs) and further incubated in

normoxia. Cell viabilities were measured by LDH
assay and expressed as % of control. B, experimental
scheme.
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B. 4 hrs shock
Fig. 6. Effect of Woohwangcheongsim-won on neuronal

protection in the OGD model.
A, 2 hrs OGD. E20 cortical cells were grown in 24-
well plates. On 14 DIV, Woohwangcheongsim-won
was added to the culture media at 20 ug/ml and
incubated for 72 hrs. On 17 DIV, cells were washed
with EBSS containing 1.1 mM D-(+)-Glucose. Then,
an immediate hypoxic shock was given for 2 hrs and
further incubated in normoxia. Cell viabilities were
measured by LDH assay and expressed as % of
control. B, 4 hrs OGD. C, experimental scheme.
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< 1.1mM D-(+)-GlucoseZ ¥&3+ EBSSZ w A&}
o 2A 7 §A3 T AAkA A2 2 A7 A9,
3,579 Foll £ AEEL T Hlstd 2zt
7} 103.43, 94.77, 95.88 97.52%°) 9 L. W (Fig. 7), A2
oA 4AIZE FAIG F AAkAe M E 4 A7 g AS
o= Z+z} 100.62, 100.29, 104.60, 97.83%°] S tHFig.
.
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Himlote MEXETEIAE ZALSIGTE 17 DIV 2
AIZE B 422 Aike A2lE F 1.1 mM D-(+)-
GlucoseE X33+ EBSSE A G AHE 2A7h -?r?(]
@A YR AR 24E Yehlo] 482
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Effect of WC on Neuroprotection
(GD~Hypoxia model)
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-

[ Tday_| 3day 5 day | 7 day |
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B +WC 103.43 94.77 95.88 97.52

Day after Shock
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5 100
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2
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[=+wc | 10062 | 100.28 104.60 97.83
Day after Shock
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ptv 17 -3 01t 3 § 7
A. 2 hrs shock
B. 4 hrs shock

Fig. 7. Effect of Woohwangcheongsim-won on neuronal
protection in the GD-hypoxia model.
A, GD (2 hrs) - hypoxia (2 hrs). E20 cortical cells
were grown in 24-well plates. On 14 DIV,
Woohwangcheongsim-won was added to the culture
media at 20 ug/ml and incubated for 72 hrs. On 17
DIV, cells were washed with EBSS containing 1.1
mM D-(+)-Glucose and incubated for 2 hrs. Then, a
hypoxic shock was given for 2 hrs and further
incubated in normoxia. Cell viabilities were measured
by LDH assay and expressed as % of control. B, GD
(4 hrs) - hypoxia (4 hrs). C, experimental scheme
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P31A) G, el MFdH MEE HIde
whab 3] BA|7) 1 Gt ag oA Al v el
o2 7E AabA ) 3 Ao A] 2417 HA3 A
$,1,3,5,74 o A ¥ AEEL 2T H8}
o] 7tz} 101.80, 107.71, 106.65, 97.26%°] & ™
(Fig. 8), 4A1ZF A%ta Ae] F ABellA 2413 74
3 ASo= 747k 90.11, 116.25, 111.50, 109.39%S]
tHFig. 8).

3. £EBLOTO ME-HMLZE ZEOA
apoptosiset HEIE crEiElo] FHo| OjX|s Y

Mitochondria2 %€ cytochrsome c¢&] A EZW
2] mitochondrial permeability transition(PT) pore &
Effect of WC on Neuroprotection
N (Hypoxia-GD model}
A 2 140
§ 120 -+
5 100 %
80
§ 60
3 40
S 20
>0
1 day 3day 5 day. 7 day
n-WC 100 100 100 100
@iwC | 10180 | 10771 106,65 97.26
Day after Shock
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[=-we 100 100 300 100
[=+we T o0 116.25 111.50 109.39
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L Y | S
>
DIV -17 3 0 3
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Fig. 8. Effect of Wooh wangcheongsim-won on neuronal
protection in the hypoxia-GD model.
A, hypoxia (2 hrs) - DG (2 hrs). E20 cortical cells
were grown in 24-well plates. On 14 DIV,
Woohwangcheongsim-won was added to the culture
media at 20 ug/m! and incubated for 72 hrs. On 17
DIV, a hypoxic shock was given for 2 hrs. Then, cells
were washed with EBSS containing 1.1 mM D-(+)-
Glucose and incubated for 2 hrs, followed by further
incubation in normoxia. Cell viabilities were measured
by LDH assay and expressed as % of control. B,
hypoxia (4 hrs) - GD (2 hrs). C, experimental
scheme..
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E3ta] dojuin], 58" cytochrsome ¢ caspase &
A A A FALE 3 8F Elo} E20 ty]
NAAE H)eH12-well plate) 14 o) 4-&ik LR
T2A7F At 17 DIVel] AB-AAAZ(2% O:
/5% CO, 3T Oy 13 thi 39 Foll A|ZE
3]s} SDS-gel loading @3 &M o2 A ES La)A)
A A7) 53}3(8 TL 15% SDS-gel, 40ug,lane),
el A - pitrocellulose membranedl] A Z @A
So| B L W3l ZAFSIAT. anti-apoptosis
i l Bcl-2&= tjZ2Fd vt 2417 2 44]7
A28t S A% & 50% F7FeFA 21 (Fig. 9, Bel-2),
caspase cascade?] initiator9] caspase-8-& 2A]3+ A€
o} ALl olFohd W3yt gl ot 4xT Ae
g 7ol o 50% A = 743 ThFig. 9, caspase-
8). PT poreZ A8t Ao 42l Bak# Bax, 1
2|31 casapse-1, -3, -6, -10¢] P = W3y} ik
(Fig. 9).

0GD 2 hrs 4 hrs

WC 0 200 0 20 (ug/nd)

Bel-2 q anti~apopotosis

Bak o pro—apopotosis

Bax pro-apopotosis
caspase-1 initiator
caspase-3 T effector
caspase-6 effector
caspase-8 4 initiator
caspase-10 - - = « = “o- initiator

3 days after shock

Fig. 9. Effects of Woohwangcheongsim-won on the

expression of apoptosis-related proteins in the OGD
model.
OGD shock was given for 2 hrs or 4 hrs in the
presence or absence of 20 ug/ml WC. On the third
day after shock, cells were harvested, proteins were
electrophoresed in SDS-gels. Proteins were
transterred to nitrocellulose membrane and blotied
with various antibodies. Note that anti-apoptosis
protein Bcl-2 was increased while pro-apoptosis
protein caspase-8 (initiator of the caspase cascade)
was decreased (arrowheads).
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Ae] Helle Aol A FE] ABAHAE
Oi 0]—242;] 01‘-—[3] Z“ \=)
2 239 F59l v 5P
AAAY N5E —s} A Ak A2 S0 ot
A aiste] WAooz QI7ke] HaEFHo] Fojud
H, 33077 Agon 98 AYE D FHFOE

A 7157l F7F FA7F A4 AL AL 24
2 gFe 32 i

WS Re AAZANA S QB £4E F
Sas TET 2R 93 ATPA Bol2 A
A AT AEE Fitete WA AAA
Agolth. 43 AFATe B A3 AAFY
o] 7] W&ol AAMEN AP AAS H7s
£ o2 vehdth

19801 dell SojMHA AFME Ao ddez
T2 AAAD 29 glutamater} AR E] A}
He g5dte FUdo® A, glutamate neu-
rotoxity(excitotoxity, 2 EA])a} . WP LY 'Y, o]
9ol = A} AbA(reactive oxygen species)ol] 2]& 4l
A4 9 B3 S84 A4 2ol dal &
S¥ = apoptosis'?7} AZAAE AJE] A2E £3
o2 HEHA, ARA Age] 7)Aol AFH R
uha) A o 9lch

9% F A3zon 4h - 2P 3F) &
©] £ W, ATP-dependent ion channels®] 715 &4
A ZehE B3 Caval 22 Yol 2EY FYeE A
AN & depolarizationof] x| B, A7 Ttol A
glitamate 52 IFste AFALEZY F27t &
7¥ahaL, 2173 A E(gliayoll 2] % glutamate reuptake7}
ZolEWA, AFdoz ZTBA AAALGEZQ
glutamate7} 2733 F9)o #olA Hrt oA
glutamate7} B = FHHH, o] &4 £4A N-
methyl-D-aspartate(NMDA), a-amino-3- hydroxy-5-
methyl-4-iso-xazolepropionic acid(AMPA)/kainate <>
A2 BAo) o ] dBAEE] 7Tl Wi}
Ve, i) AAAEEA apoptosisel] 9|

(neuron)7} ZA 6}{— bl

At Yase A

I

?

A
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FEFBLTS P AHEEE dEAE Ao
O IEBNE T, E BISLR, BILEE T 59 &%
o] glol®®, Fg FHAOR F FYAE, KILE
2, FETSE, EEEE ORW B, £57% 52 A
galed 24dn o0 A A e HEF
B9 gl Az FREA, 56, K
59 Z/3o) FAABA AMEEH T Y.

Mgy FHE FERLTY 484 dT7=2
T 599 H5E B EFAIZEY &G R
RaA] AEAIZEY AR FH, 2 599 HEEE <
3 22 duraviel A7ty Fade] AR
3}, B*0] MAL@A £ 2}-L(transcripional activating
effect)oll 213t eNOS G2 A} B 227 VCAM-1 &
Azl A &, 0] eNOS, p53 A
9y Z7et VCAM-1, TNFa -3 7ke] 2 24ag
%Z‘ﬂ— %‘éy‘&_’] ].}\].}\-] OZ]E_J»]- Z ':2223) 7110)210:]Aé
AJ?WEAH A Aol #AF AT Tol ek 4

Hice) 23 aE Al BE AT - AL

o2 olg iy AR EAL BA 9} #HAH 287
o dig d+ve S
B ApoA AFE3E A X 37 (Sprague Dawley)
o] ujek 202¢ i AAAEZ serumo] H7FE R
e HiAE AHEEG ) R ol AR M EE F
10% =2 A9 Flo] dojur] gho} tjF-F-o] Al
AN LR PAE gtk B AFd) o3ha £ EH L
jeol A7 wix|ol A A ABMEEL 218X &
& AEE Hlald AAALZd] & Abggo] Wk
on o]& 3 A= 1,500 cells,/mmrollA] A} A E
EollA dA3] Ukt

AANEE A% A= @ o8 - AdeF
NMDA 53 Z& AH2ldA 43a zo|& Hol7
T Rol|? F&at AAFHEE o] §8lo] E AR 4
sl AONAAEE vkt 3,4,5,7, 10, 14
DIVA o8] 7}x) @ide] RS Hggdog =
A3t A3} 14 DIV & scaffold protein®! PSD-959
A ER Aol densin-18031} 2o Moz &7}
e v 9llon, tlREe Bl S[NMDA

rlr

= olN ‘E{rt
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S84 oldL(NR1, NR2A, NR2B, NR2C), protein
translation elongation factor-1a(eEF-1a), Ca*/
calmodulin- dependent protein kinase II (CaMKII)]-&
Ane) 44ES RATT S9om, 20 DIV 4| £
HRYgEAetn the3y dAvjd o s dae A
A HA &l A o] scaffold proteingl PSD-95,
septin 6, translation elongation factor-1e(eEF-1a)= &
= 2 g@hgon, 53 pSDOSS A9 R
puncta EAFHG {T B AFNNE 14
DIV X7 M £ PSD-959} septin 62 o|Sg A3t 2
o AZBH L #4714 F w2} punctazt E3) e}
s AL & ¢ glo] A3 ARA T H4ey
=5 ¢ F AUk

i Fet &3 efob E20 i AT AbaF
(2% O:/5% CO:, 37°C, 4 hrs) S F23 A3} £ &%
LICe.E 3UZE AAele ¢ dlzwd vlale] <
108~128%2] MEES Vet A4 2 &
A& &% 8= propidium iodide A3 DNA €At
2] 3} histone T " H2AX9] serine-139 ¢14131 2 7
AFe GAANE LT AEEAS 8le
o1 skl

Z AT7dA "o AAE FAC AR A
N F&EiELIse] ABHAE R3a37) Jexd
ALY &, 4 &HiFHLTTS 393 A8lE 17 DIV
AZBAE vlFAg AZ1.1 mM D-(+)-Glucose] S
¥k EBSSE wAlstn FAld Aata A ey
ool 2Ho® 23 TL 47 AHed A7
S E|FLITS A X YEES g2l Wdto o
b Z7NHHA L 8.6 %). 0] ZIMETFHE AAAZ
e FEF B-H(EF 110-120%)°] ¥ st 3]
s

Barrett®= 35 F<F w]Fa 714 8 (basal ganglia)
A A ENA glucoseE A A8t 94% N, 6% CO:00|
X 5 AZH3T ) Al @ 3 24 A|7H B E7|2ho] AT}
& T ATAELS ZAG A, AL 70% o)
o] &3¢ ddvin ATk EF Vizizo)e 8719
Mz A H(striatal slice)ol A A 4a2 A=

glutamate®} dopamine®] evoked releaseE Z7}A]7)

11 resting releasec]| v+ QS FA| gsron, A A
2] dopamine?] resting releaseZ Z7lA|Z k. &}
St Birrell 5272 = 3 AAE v FollA] k4 A)
Ak AFAE(LT A 0.6 mMZ)E S o X33}
M 12 52 24A7 T Ca” uptake 9} LDH release 7}
A28 7L, glucoseE: FAJo| WA 28 A
Sl Ca> influx7} A9 =w 24417 Vo= LDH
release7} YojutA] gh=tha 35itt. olej3t HugE
< B AAE FA AAG A AE] oS- A
& 2EYAE L3S onjste AR uebi 4
gEiEte YR ERs Agd ez oekslA
Ehbe A% olsh BR0] Y& AoB FHU 4
it AXRIZ a7 AgE e g nekslA o
e OE o&z2e AY Aestes 34 A7)
AZBAEANA A2 2EHASE F7) 7Y Ao
2 FPEG A A2l N AA Ee vijA & o
2l 2 vy Fojol ke Aol L), o] 2y

© 9ES goliy] 93 7}
A AY i F AL i 2doA] AR A
FEFLTY ABAET B3ide H3 5.6%20)
F I T Aas

3!

A

Aol mlulsitt. Fr2 e AL AMda HEE

237t o & vehdde AAH(EF 2 16.5%), o]
Aa 2 Aoz A3 A I SA o wleh
A ZALe o] than maba dale] RaE get
A& AArg) e o] 499 gike Aikh A
TS 3 Aol vlgte] @ed olvlE 4 EiELIT
o] B3 A7t AT AeHgNA " E Ao
Helg.

A - Ada Aot 2& ouA| 1Z(energy
deprivation)< M| ¥¢] glutamate =9 F71E do
71M Ax ABAEALE o Aoz 2aA ¢
o F, o)2ig A5 Ak Al EE 2T (excessive
membrane depolarization)o] Do}, oJolA] A3l
sodium ¥ calcivm®] FE7} 719, 23 - At
& Al g A wjA 9] Ca* & A ASAY sodium
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channel blocker¢l tetrodotoxin(l microM)¥} N-
methyl-D-aspartate receptor antagonist¢l MK-801(3
microM)E X 2}3lH A ZALE dA3 £d F Utk
52 wgl 7o) 9| Z&A)Asl(lateral hypothalamus)2]
orexin A Zo A glucose ¥ EZ 8.3 mMolA] 2.8 mM
2 9¥3H A X4 g9 Ca*'e] Frtdttn I
olg|3 BuEd Aoyt HB-ALFA AE
Ul Ca'el Trhat fodo] M AR @le] #E Al
Abghc) whaka B dpel M FEELITe] A8-A
Az 2dldX apoptosise} BHEE Tl Y
o Hx& FEE ZABIA

AG-Aid RdoA 4 EFLILS anti-
apoptosis T A¢) Bcl-29] XL Z7pA o,
caspase cascade®] initiator] casapase-89] ¥#-& 7t
& AT

Caspases+ H]Z&A A 34 (inactive precursors) =
ZA)8}ct7} adaptor proteine] 2]3te] apoptosis7} Al
Zx| A3 A F74A 14702] mammalian
caspases’} LAY =, A initiator(upstream) 2}
effector (downstream) caspases 2 FEF T}, Initiator
caspases(F-E£ caspases-1, -8, -10)E apoptosisE 31
8l 2}=(proapoptotic stimulus)ey] ¥F-2-3}o] effector
caspasesZ A Al7] 0, effector caspases(F+2
caspases-3, -6)= apoptosis I Fboll thREe] ©
Wy 2o #ogch ks o2 A 3
caspase 241319} caspase A S F A5 U
o] AXe &% F5& ZAHsted 8T 9
g}

E A A% initiator caspase 7}&-H| caspase-8°]
Az o 50%)E Jed], ol A7 ZAatet
etk whebA] S EHOGTTE ATANLT B
Aol 4] initiatorg) caspase-82] EH L A Fo2H
i AAAH ZALE UA g e AR AZEr

Caspases+= apoptosisZ 2|3 A sls GUldER

—

o)
=
=
o
a2

ot o ¥

A], effector caspase &2 poly(ADP-ribose) poly-
merase(PARP)S} 22 Al Eol] "429l dhild & &
&5}, CADS} Z¢ endonucleasesZ 413l A]A
A ZAE Yo7t Caspase activation?} 274 7]

136

©. 2 tumor necrosis factor(TNF) receptor family2] 41
TG #3 Ao] gol LA AU, F 2l
£ mitochondriad] e AZAE A 774 of
st B A7 AYHn Yo ol g @
mitochondriadl X1 2] Al &Ad<L DNA €4, heat
shock, oxidative stress 53 22 ZZM % H]5=3}
A Ldoluyn, o] 33 Zo| mitochondria-derived
cytochrsome c2] M| ZAYW F&2 A FEAL o F
23 92 P

MitochondriaZ #-€] &% cytochrsome cof 2|3}
o] mitochondrial apoptosomeo| 2}t E&l& ¢ &
BxtZko] caspase-activating complex7} A EA ] &
A€t} &, cytochrsome ¢ caspase 43S {33
=d|, Al 22 A cytochrsome ¢7} apoptotic protease
activating factor-1(Apaf-1)3} Z&3slH Apaf-12
caspase-9% RF 3lo] &3} A1 TP,

Caspases+= apoptosis7} Al Z-E|H Bel-2 family T
AL ¢sle] FAEE mitochondrial permeability
transition(PT) poresE %3te] 2% cytochrsome ¢
A Slatd BAHAGTY. A2e APABES
cytochrsome ¢} A EZAu] f-2lo] Bel-2 family T
A, E3] 'BH3-only members?} thgt apoptosis £
A Aol g8 71 T2 S studes T
31 9tk 1 F Bel-29} Bel-XLe & &eja
apoptosis 24| A & mitochondrial cytochrsome ¢ f-2)
£ A3, o] Thl A 52 apoptosisE £ 3t
Bax®} 7o WAz Asle] Bax-Bax7} mito-
chondrial permeability transition(PT) poresE ZHEA
237 SHIAN2EZHN cytochrsome ¢ frel &
k=) 379 Bel-2 family 7F-$ 8 'BH3-only’
members(Bid, Bad, Bik, Bim, BIk, hrsk, Noxa)<= Bcl-2
4 Bel-XL3 dhj 2 243t o] 23 thkgt mam-
malian ‘BH3-only proteinE-& ztzte] 3 2Hgof
Eo)shy A E£49] sensorZ 2HE-3te] cytochrsome
co] fEl & X%

2 AqoA Bel-29] P& 4-#iFH LTl o3t
Z7H 2T F50%)B S & & U o= A
of ABaFAN ZAT Astst YA Vehel AF

=
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ok 100% F7b). webA 4EiFlace] Ad-AAa S
Tdox AR ZEALE A3 E o2 el 7]
A& Bel-29) €5 Z7FA# mitochondrial
permeability transition(PT) pores®] A48 Zo|= 7
o2 Holrh

4B
& dFolA e veks dis AAAEY A - A
AaT BdoM FaiEiovel o AR EAL
A &3 D 7AH-§ goliy] flste] wlggt E209)
Sprague-Dawley] 87 ) IAARBHEZE o] &
sto] Wi 140 4 EFHELTTSZE 397 A A
& T ould 176l ALAEFTS Esta g 204
o AAAMEe WsE B2 2 2t &L
T8 A7 EAL ¥R g3lo| Fa)A = LDH assay &
o] &3t HWAIAL, FEFB LT AR ZAL |
A7V A A& apoptosiset FHE DA
Bcl-2, Bak, Bax, caspase family?] £ E3ld %
Abatgiet.
L 45 Lote B20 o ABAE WS &
3 AF - AxAaF Rl ARAE BEz
& LDH assay HA AN S §oto] &

b
2. k& LOTE AG - AAaZE Bl AAA
& dAge= 71H2 apoptosisE: FAEE
% 7}A17] mitochondrial per-
meability transition pore®] A& AN B
# cytochrsome c9] AZE W §&S JA3}
caspase cascade2] Al@tz}9l caspase-82] E &
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