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The Protective Effects of Woowhangcheongshim-won(WCW) on Middle Cerebral Artery Occlusion
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Young-Ho Kim®, Chae-Ha Yang", Chang-Gook Park ’
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The present study was carried out to investigate the effects of Woowhangcheongshim-won(WCW) on the extracellular concentrations of
amino acid neurotransmitters(glutamate, aspartate, GABA, glycine, taurine, alanine, and tyrosine) and organic acid(lactate and pyruvate) in
striatum and cerebral infarction volume in rats subjected to permanent focal cerebral ischemia induced by 2 hours of middle cerebral artery
occlusion{MCAO), using intracerebral microdialysis as the sampling technique. Microdialysis probes were inserted into the lateral part of the
caudate-putamen 2 hours before the experiment and microdialyzates were collected at 20min intervals and analyzed by high performance
liquid chromatography. WCW significantly decreased the infarction volume with reducing focal cerebral ischemia-induced increase of
extracellular glutamate, asparate, and tyrosine. On the other hand, the increase of GABA and taurine was enhanced after treatment of WCW in
the ischemia-induced rats.

These results suggest that WCW can produce a neuroprotective effect against cerebral ischemia by regulating extracellular excitatory and

inhibitory amino acid levels in relation to the concept of excitotoxicity in brain ischemia. (J Korean Oriental Med 2000;21(1):11-19)
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(12) ggaogsla) 4218 A1s

BEH FME P EholH, miBHEk SEgmE
e whge] ol FHRCE K3 AEAE R
% SREEE NIRAR FRAEZ 59 ER FHSE #
ggo| T,

oIl B BB Hirze 529 Tl
U3 B 20 5ol HR EapRel RIS BIZE mel
AT Mol BESH B IR, 2ol KCN, %)
Ik #6%, EmRaES} WE 59 HkE FIAT KEEE 2
TriEfol v X = FE 5 Wiz HEHJ Y TRl
RS BAZEAZ) &) modeld FIFI3l FidiEsEiyE ol
o) B3 Bt SAsith

olo] #EH&E FHEiF el MEm FHEEE MY
Bl S ol BRI el e RS i
RS ERiC R rEshy] B3 AFRA FEmiEl
T RO % ABMSE hISERE FZEMS K
173t B = FBAIZ o2, g € HPLCE
FIF S S EEME S amino acid Y3 SHNEA B
REBEYQ pyruvate, lactate 52| &8 #ML 2 [EEEZEL
A AR AFES Bleste] AES #HRE A7l #E
3t Hlolt).

' R

1. B0t 4%

1) gty

HEE)S §48E 240~270g2] Sprague-Dawley$ 1
1 AHCKEERIMANENS FHIF S, 24v8] & &
% 8ulel¥ 3fEaEe 2 Uyl

3} KA LALE Code AFEA UEE sl9gon,
FBEERY BEE 21~24TC, BEE 40~60%2 #4 5

Table 1. The Prescription of Woowhangcheongshim-won

A, B3 whel JEfle &4 128 R dton, By
2 il 258 #EAIZ 4% Eigel AT

2) %t

A EROIA RS FEHLTS REEES)C sl
Aot ot BA, AR, R 59 37HA 955 A9
SHATh i BRILCEME BE KBRSl gl
A Fste] el MRS, EANE 2 1A A
=< U7 ZTH(Table 1).

2. H&

1) fame] RS

FEFH T 100 e A%E HiFstd HlnERE
g 1% R 3 BhEH e, ik UHE fet
o fIAZ T 1% ZKEK 100mlol) BEA A RS

2) WS

ity 8viel & 1ERCZ slo] I H(sham
group), ¥ i##(control group), Hk Eif(sample group)
59 MEHCZ Uit IWEE #HEi = LA
KE, gt iiffol & £ &iH0IC MBS 10m/ked £
O#ksstgich

3) Pk E A

3] o sodium pentobarbital(50mg/ke)= RFMEE S8}
e A7 #% sterotaxic FFEo] BEEAA micro-
dialysis probe & A Hifire] JEK & YIBASISITh. B
gi ko2 /NRM #ffiz(lambda)$} f8 JEER iz (bregma)E Fl
Mol iR iktE(striatum)®] EEfZ(coordinate) {7 & (Ap
+0.5, L 3.5, DV-4.5)°l] microdialysis probeiXiEE 73l
guide cannulaE &} T}

Stereotaxic . 2 Firg vb HhpEES THRHS [
{ERIZ Hy 1% microdialysis systemo] #EfEA]Z T

|

&2 o314 & (ng) A )] g, H % (ng)
g3 Discoreae Radix 283.0 =hin Atractylis Rhizoma 56.0
HECD) Glycyrrizae Radix 188.0 SR Bupleuri Radix 47.0
N Ginseng Radix 94.0 AERE Platycodi Radix 470
HEGD Typhae Pollen 94.0 T Ansu Semen 470
TEHRCD) Massa Medicata Fermentata 94.0 A% Hoelen 47.0
KT &S Lathyrus maritimus Bigel 66.0 = Cnidii Radix 470
PakE Cassiae Cortex 66.0 BN Borenolnm 38.0
R RCKY) Gelatina Nigra 66.0 EESE Capricornidis Corn 38.0
H g Paeoniae Radix 56.0 B#k Ampelopidis Radix 28.0
ML Liriopis Tuber 56.0 L C) Zingiberis Radix 280
55 Scutellariae Radix 56.0 o Bezoar 45.0
e Angelicare gigantis Radix 56.0 BE Moschus 38.0
i Sileris Radix 56.0 iz i Mel 1,000
n " 2,891.0
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Guide cannuladl] HffiEHES 93 CMA/11, 14/02
microdialysis probe (shaft length: 14nm, dimension:(0.24 X
2mm, Sweden)E & A 3+ Th

Microdialysis injection pump(CMA/ 100, Sweden)E
Fifstd 1.54/ming] FECE ATIFEREBR(CSH S
probec]] FEFEsA. o, N LRSS NaCl 8.66g, KCl
0.224¢g, CaClz - 2H20 0.206g, MgCL2 - 6H20 0.163g2]
500m! R NazHPOs - H20 0.214g, NaH2PO4 - H20
0.0054g2] 500ml E#HS A3t THE T Microdialysis
system< E3] MCAO &} 1% 204 HRCZ HEN
WES {FASd HPLC(highperformance liquid
chromato -graphy)Z 3§38l 743l o).

4) R IENIR FAzEol ol gk 213 <) Mg s

N20(70%)/02(30%) €} 3% isoflurane A8t 87
AA A EEHHEAZ 1%, EHRE YIkHste] A ¥
IR SMEEIR S KAkt 154057t A S TEA
71 %, HSEERS A2 0.25mEEe] nylon monofil-
ament2 NEHIEZCZ < 17mAPE Hol ol dhkhy
kS FIZEAZ T YIBHE IS sutured 1%, fiffrol A
[6]f8 A1 73 11, microdialysis systemel] ##E3li o} Fiff 2
fils EEEIE BERmEES A BLRN &
S 37CE HERF3tS T

5)HPLCE FIH 3 AL 547

(1) Amino acids E&E"

st Al 8 amino acid(glutamate, aspartate,
glycine, GABA, taurine, alanine, tyrosine)] A&
HE7] e &£ g (Sigma Co., USA)S CSFol &
FRAAN £ 106MA FRIRE] 22 FESE 404
£%& 143uMe] SN RS THEAT) &4 amino
acid® HPLCE 4#rst71d 2401 #takst @S 7
AT, &LFEEES WE7] ddME OPAO-
phthaldehyde) 27mg-& 1mi2] methanolol] EF#AI 711 54
9] f-mercaptan®} 0.1M2] sodium tetraborate Iml-2 EE:
3led HCl NaOHE pH9.30. 2 2 H, st M E
g Aol Hs] T

HPLCZ Emsmistr] 248/ o #fEstd 2
OPA/SMEETE 1ml$F 0.1M sodium tetraborate 3miS 43
o] working solutiong =T} EESL7] 9 & amino
acids 1549} working solution 54 & JB&3%F 1%, 154 %
HPLC(Waters 474 Scanning Fluovescence Detector,
Waters Model 510 Pump, Waters Model U6K, USA)E
FIFsle sr#rstdth. Mobile phase?] #E< 0.1M
Na2HPO4 700mi ¢} methanol 30wl S {EA S HoPO4jE
o2 pH 6.0 2 B33t} Waters Spherisorb
Column(4.6 X 150mm, Sum, USA)S A} &3l o] FAE

FEELITe] RS FEAZ A EEnE X g (13)

1.2n/min jiif o2 Z . Pumpd] B JaH 4
retention time ¥ HEAARYQ 4EEE o) BEMRES
(Waters TCM, USA)Z F|fisld columnd] HEZ 30T
2 gholA 4pifrst it

(2) Pyruvate ¢} Lactate E&R'®

Pyruvate} lactate 3#re B RS pyruvic
acid9} lactic acidi®%ES CSFo| AfEAlA &% 20uM}
200#M < #ffist it Lambda-Max Model 481 UV
detector(Waters Co, USA)9] K< 214m=Z @311, 3.7
X 150mm, Sum Nova-pak(Spherical C18) Columng 434t
o #f31 2H, 0.01M K3PO4(pH 2.4)¢] mobile phase
Z 0.8ml/min FiiE O & 3] pyruvate9} lactate S &= 4
pretsl et

6) ftalE el miE 2 A HlE

(1) Mg

MCAO microdialysis Fhi< vH #%, MRS S
Hepaty) B3l A i MEg I miE 2 AE
< AiEstath

Mt ERE Bl o2 A buffer dffisHA
o}, EER-S H20 1800ml, 37% formalin 200m!, KH2PO4
80mg, Na2HPO4 200mg& &3t THENCH, 0.9%
saline-2 NaCl 90mg-& H20 1000miof| A A HEfHFA
t}. Microdialysis 77 #7& v}% EFH E sodium
pentobarbital 80ng/ke © 2 i FHfiEETsl] FATEl FES
o MElE G931 T KBRS KSESATH LSEMel
Zifislo] 0.9% saline 100mlE E2lx Mm-S Aol #,
800m! BEEM & 580 MR % HEEEREH KE 7
Beslad oAl EER S 178FS-<t Briste] postfixation
3t

Vibratome(Campden Instruments 752M vibroslice
tissue cutter, England) Ff3dte] 100m4, TEEL
(bregma) 1mm%-E] bregma -0.5mm7}] coronal sectiond}
o JEIAE TEAT MiES fis) 100% xylene,
100% ethanol, 95% ethanol, 70% ethanol, 25% ethanol,
Z &<, differentiation solution(mixture of 70% ethanol
225ml, ether 25ml, glacial acetic acid 2drops), cresyl
violet stain solution(mixture of cresyl violet 20mg, 1M
acetic acid 185ml, 1M sodium acetate 15ml, H2O 600m!)
S sttt el iR KRS st Aol
g AKES B3 100% xylene(lhr), 100% ethanol
(10mins), 95% ethanol(10mins), 70% ethanol (10mins),
ZH(1dip & JEFZ 3t #fiES AR

et B3l cresyl violet stain solution(25mins), 5
~(10dips), 25% ethanol(10mins), differentiation
solution(12mins), 95% ethanol(10 min), 100%
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(14) wrerelgrs)A) A218 A1z

ethanol(10mins), xylene (10mins)S JEFH=Z A %,
permountE- F|Fi3dto] slide glassE SERSIA T}

(2) i 3w i

AF o JEHEEN mE 2 58 #lES Image
analyzer system (OPTIMAS, Edmonds, WA, USA)S #
A8ttt

3. it

% AERY A AEMES Student s T-est™ 2 7538}
%ow, P<0.05/kifEQl g FE3Ih FEstAch

BhA EEH, HEME, EREie glutamate,
aspartate, GABA, glycine, taurine, alanine, tyrosine,
pyruvate, lactate 59 ZFE< 1.000.2 HAEstg 1, A%
iy Holigk= Hitisle] table parenthesisol] FLASFS T

REBNE

1. MCAO 33 9] Glutamate & #{t, (Fig. 1)
2. MCAO 87 9] Aspartate ‘58 81l (Fig. 2)
3. MCAO & # 2] GABA 4 & #l, (Fig. 3)

4. MCAO 3 # 9] Glycine & & #t, (Fig. 4)

5. MCAO #7] 9] Taurine & & #t, (Fig. 5)

6. MCAO 212 9] Alanine 25 #{t, (Fig. 6)
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Fig. 1. Effect of Woowhangcheongshim-won on extra-
cellular levels of glutamate at the right striatum of
MCAQO rats.
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Fig. 3. Effect of Woowhangcheongshim-won on extra-
cellular levels of GABA at the right striatum of
MCAQO rats.
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7. MCAO &3 €] Tyrosine & #{l, (Fig. 7)

8. MCAO 27 ¢] Pyruvate & & #1, (Fig. 8)

9. MCAO & # 9] Lactate & 84l (Fig.9)

10. MCAO 33| gl Hi mE 2 & dlE
(Fig. 10)

MCAOFHir 3057fijel 4 &iH LT BBl 10m/keE
RO BheRte] IR e Tt 2 A &%
27244131, 54.49+2.63mrC. 2 BEERES] el o] -
BEMEP<0.00DE fEHk EHE W7 HEERT
(Table 2).

z B

FES ZEREE LEARE 05T MEEk T5ES
R REATY ERES 2o, ol kel
FREBHQ) SR KT BARIERS, FECED) € RS
5% BEfkste MM ERER< FE .

PR F% ERS AYEd REe v 23 paE 2
Kole ERfb-S EES FROZ %1, &t
o] FVE FAFRS, KOE BES, T TREES
AL, BHRL% e FRANEIS, TP FEfm
< Fgstgon, mfldl ol2H e FHENE), L&A,
3l FHCE Ex
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Fig. 2. Effect of Woowhangcheongshim-won on extra-
cellular levels of aspartate at the right striatum of

MCAQO rats.
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Fig. 4. Effect of Woowhangcheongshim-won on extra-
cellular levels of glycine at the right striatum of
MCAQO rats.
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Fig. 5. Effect of Woowhangcheongshim-won on extra-
cellular levels of taurine at the right striatum of

MCAQO rats.
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Fig. 7. Effect of Woowhangcheongshim-won on extra-
cellular levels of tyrosine at the right striatum of
MCAQ rats.
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Fig. 9. Effect of Woowhangcheongshim-won on extra-
cellular levels of lactate at the right striatum of
MCAQ rats.
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o) B ZASL TP o] Bl & IRE/T BEsh i
Brh Balr) W2l el WS krEety) BalA G
& LIbhl = 428, SR, Bk, A, ik, D 5o
SRR fmike AT ¢ 3ok

TR A IR A SMEE K B IRECE
T, RS oA #Ee EHE Ul S
B gl Wbastd L5RE MANA BESR

FEH LT MENS

A7) BAF 9 i EEwE vix= g (15)
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Fig. 6. Effect of Woowhangcheongshim-won on extra-
cellular levels of alanine at the right striatum of
MCAQ rats.
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Fig. 8. Effect of Woowhangcheongshim-won on extra-

cellular levels of pyruvate at the right striatum of
MCAQ rats.

Table 2. Effect of Woowhangcheongshim-won on Infarcted
Dimension in Rats Brain after MCAO

Expermental No. of Animals Infarcted Infarcted
Group Area(un?) Volume(nr)
Sham 5 7.3811.16° 14.52+2.31
Control 5 42.58+1.36" 85.18+2.70~
WCW Group 5 2724+1.31" 54.49+£2.63™

a) : Mean + Standard Error

Sham : Sham-operated and physiological saline(10m!/kg)-administrated group
Control : MCAQ-operated and physiological saline(10mi/kg)-administrated
group

Sample : MCAO-operated and Woowhangcheongshim-won(10ml/kg)-
administrated group

(+++ : P<0.001) compared with sham group.

(*** : P<0.001) compared with control group.

e FERBelV BRAE 225 f#HEoAH, '
7k Bk BfERE i EALE B IRTEURER B 1
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FEBOTS RIAD. 110745 Foo] KFEEM
BE7A % KB RS, LS RFeHE
TR LT SRS BERD REEd BoRk R
TEE WA 52 tagle RIFFELE 6778 R
A paES £ RGN 1 veteld e tiEE S
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(16) wgaelgtsix) #2148 A1z

F(AD. 16134)0] BETIE FBEHEE M A3 hik= A
e, f§FER o 2 W3 ABAE IR S DR
2 FRAZ 59 ikl FRZT T sk

HEEEEYo| YethE dEiE LIt EHNES 48 B
FS |23 4 2878 Hb R Ko el FE ¥
Wphe S AU R £ET BES RIFZMOR HIH
# Py, 842 BURsT, e M7, %
e sy, 55 & (e B0k, B
BEMS FEi E2 RS 5 £2 SO SERE
sV AeS 21 it ol MME LY FE
ool SLZEERC] e RIS Mg Ao, LU
ol Falid ] Eftoll s REEED 2ol KE R
histed Fedieta sl

A Fgeol| FHE FEHLS BiER e Z 3%
e, ole 3o mHmgEet R Wik 2 KN
el FHE 58 #gstd gAY 28n K &
Bpoll Y 90 4 26MH9] FhZ s ded,
B mREfatkel BT FrEEe] RiES Bl Bt
2 AL D FASEE dta o, aED &
e e KRgEme RARMSERCE, KRS &
LEY MAgEAME BEER 2 &M WiERERS
dor MER EHNE EEECIRE, KX B ¥ES
o] A gl 917) Wl EhREEflo A Al elstdch Ll
Aol BRG] ERRETIE 07 AARIRY BRG] Bt
77k QolA, oz Rl Bek B 2 Uk B E
i To] WA B i BRI Qlojol & RAoE
BEd

e AmBine TS o, B 2 EERRAES Hild
wot op2} B iU BIE S5 5o BEES T
gro 2 i) SR ke #aee] Bire il
Hifme] ™, TSRS S ERILER Bl KA A=
e gl TR Wl Aol & Al 22t
3k, o] AMHA Kol A s s (L] vtE
TR o) T

JERTan fEmSRRe] RS Al R o
FASAR R MmARE7} S| MRRRES] ZoZitol ksl
fapgell Nar, Ca*o| FiAE 1L, fifshol Krol #nsl = i
SfEke] deoldt. KigmiE7t 6-8mL/100g/minZ 5
o ATP7} B3] (RS 2, Milert BMbslol SRR 1%
ol kMY TR Wik F58] Krebs cycleo] fE
FEHQ glutamate, aspartate9} 22 BN THSEEMY
o fEEEIMmEr HSHIIRE FEAIA Nad} Ca»g MR
2 FiAsHA sto] JEREAQ) MifetaE S doith Ml
N2 Ca»o| =™ Ml MiIEES mugste
phospholipase7} i LEI T o] BERRE ] WA R B

G

16

Ca> &@itEe] FU#S o] mitochondrial: JET[3HEY 1BE-S
uh=t). of fREhERA B free radicalo] iEE(L =
o] MMl 8%, BERIGE) #, prostacycling ik (RE &
& 4ot i JES #ES 24 Hele HEe
KEfsro] NMDA(N-methyl-D- aspartate) channel 3} Bii
€ glutamate 7758 FEETHIS FAsh=T o2 741 &4
A MlRAE Ca* fAS EHshe o] VoA & 3l
o, A7be g mE Mt 1A iEE e A<
QAN ZHEOE B MKEE} AlS HolR A& miiins
#E 5 A B,

faE Mm-S T 7HA] JRREAETREL BfRC B Fkdted,
AME mEHRE Koto] el Mg ftifo] it
£ Aola, EAlT MHRiE MiEe energy 4pEEiES] )
3 2 Mt #LE Brkdtle Aol i B
2w il 52 kst MR B G
g & gle Aol ofx, miFKE WEAZIAY MR
o] Ca* WAL HEESIAY ol A BB I EEWE
& IFEG RN WEHRE SSo2RE S & +
AL, IHHE TR TP Stk #EvE Bol A B
< 3t =AUk

A ERE PRISHIR B Filiz dRA KELS
FHEEAZ) 14, striatum} B amino acid 29 glutamate,
aspartate, GABA, glycine, taurine, alanine, tyrosine®} f#l
TaR PEAHEM pyruvate, lactate 59 RES
microdialysis % HPLCE flHsld Ex 4etsi s, £4%
sula| ¥ 1ER-S Bipkg o2 ol MCAOR]. 1R:5<
2047 k.2 3218 microdialysisE j&3) sample-s- s}
Aqeoo, MCAO%H 2B¢fiEet 204 MiReE 63t
sample-S Iftale] MCAOR#%E i 4 st

Microdialysis 8 1%, EMEIS MR HE
sl7) Boted J§E YIETeE 1%, cresyl violet buffer® Huff
atod fHiA S HifT3l9.2 0, Image analyzer system2
FiFstel 817 o) NSRBI mkE 2 £ WEstah

el Qi FEiEte MC AOFiT 305l

aslel B MAy IR BES (ReESt T P
e FRERC] JERAE Yol ed 2 HNE T

WEAQ EEE WREEYE LS glutamate}
aspartate©] ¥, o] &£ cortex, caudate nucleus, hip-
pocmpus Shfizel] M4 =& BERZ ST Ao
Glutamate$} aspartate™ hypoxiat} ischemia *}Ej ol A
release”} /N8l 3L, reuptake:= i VEtEH?, Bk A
glutamate$} aspartate”} 3@fet 22 Wl SiEHiS] kR
fbes} 1B TR AR 5o = WSt 1815
2 &), #3] NMDA receptort glutamatedl| 2|3t
activation?] ¥#ENZ Cao] #RANE BESA KA



S MRgEEETt dolva, (HEATE 02 free radical®]
HEo] o) B MR ISl HE JERIT. of
213 SBIEATR ROl [kt L s vehgr| 7t
A 24-728f0] 289w, EMEE glutamate9}
aspartates= NMDA antagonistol] &3] release7} #Jii|=
o] HHSHIE T E Bt BREREO7E ATk R
B B o] #%E % glutamates} aspartate 3
& B BR fEiond RRg g s

B A7 Bl 4&#(Jto] glutamate s}
aspartate®| EHES #IHIA] 7] H A NMDA receptor)
antagonist 241 8] VB TIHetko] B =)

GABA= U331 i mMEEWEZA striatum,
globus pallidus, substantia nigra 5ol 7}3 o] 4345% o]
ATP, S A 9 B 174 GABATE &5 RS
25 doyAwh MipkE Cl-o EEEES BENCES
XA AH2EiH o] B glutamate®} aspartate
{HEHWE releaseZ Hii6} 1, NO(nitric oxide)S JEET S}
o SRS BEES (KTAA MiglES et
T RE7E AU K BEIA RS FEAIZ %
GABA ZE< BZS #R, F&H LTS R Bt
oA m$ FEMIE ®Bivt #E0 glutamates}
aspartate®] S #I#|S} 1, NO antagonist2 A &) £
ATgglke] B AT

GlycineZ GABAS} 317 il Roll ] R BE 2
#ilshs HEEMEE A YTk, 53] glycine
NMDA receptorZ ¥l|5}= antagonist®] %E)2 JHH
< fRESt e, T MAES RENA = NMDA
receptor®] antagonist {%#|Z ke HWE7F AU &
BSOlA TS FEAIY 1% glycineS BZES R,
SRS RS BER- HRE el AEMS)
T 8e BEAA 43t ole d®miElne] glta-
mate$} aspartate®] releaseS 5&I3HA FIHAI 71 HAM
NMDA receptor®] antagonist=A]2] {ER mJgEike] B
HA7] W&o glycine?] ;BE3Z activationd [ EEE}A]
@A Hdy EEE, =3 RN K3 mEHnn
o] HAlekA dvte AL Bty & 4 Qloh

Amino sulfonic acid$] taurine &2} Hifip=A] 2
2deiA ith Taurine= GABAS} 37 #lE: (R T
WE EIS AT H I3 EiES o & deA gl
ort. ohuh N Ry ARETiEI U BEIERS) ool B
EHN e o fSMtE FRERol EES HEE e Bt
wo}l i LRl taurineo] Ca* HAS HiAAZ
the HE® 28 fER e B amino acid2 [Ks)
Cao]2o] filuNE Hel FASI HgEEE do7)
T RIS I T EOT AT A BBl A

AEH LT MRS A 879 Mg = 28 (17)

s S Z3AZ) £ taurine RS BEI R, £5
BT RS BERA vl AEMNE Bl B
ZH T ol = 459 taurine f500] SRR HRGERROY
2R deg BRSO E vESIAY £ 4 ok

Alanine2 A amino acid2 A, kynurenic acid 43
Fol kynurenine hydroxylase2] #IfH=Z g gt
Kynurenine- tryptophans] {aEM2 4 Be] Fifre
Ve, kynurenic acid®] FiEE#p/E o) T, JEE Mk
microdialysis probeZ ;&3] hippocampus$} parietal
cortexZhfr o alanines R EIH FEArHE ol
kynurenic acid &&°] /1% ¢} glutamate receptore] I
PUBl=A 1%E1S 3, kynurenine hydroxylase] #l
S RS ) SR 1EMEe] M= Aok it
#50F @3l alanine ¥l MIMEEWES ERES
& vk A& Bl A KR S AT 1% alanine &
o BT BR £ &8RS RS EhpS HHEH
of el FEMAS Bt BEEA gkon, ole 4
Ei5/ro] glutamate receptor®] FEHUE 2 #IHIHIEA
o] fER WIggtol BIEEEIG7] WZol 38EEE alanined]
activation-& Jo3E3}7 A HQvtn BEDTh

Tyrosine< hippocampus #fio]] tyrosine phosphory-
lation® 2 A1 &, B i tyrosine phospho-
rylation®| phosphotyrosine ©. & %|+=t, tyrosine phos-
phorylation®] {EIELE #fEHH iBES] CA49l CAl9
TS, BPEt WA, B S —E EPALe ik
E SR EEEITE oAl BEERAIZTR Al
= Fleh B ol UehA] ¥tk NMDA receptore] i
s —EHE o] AN EEERA) B MR
Je7F dojdtte M E #3) tyrosineS HUEM: fHS(E
EMEZ EHES ¢ & Atk K EiolA EEns
FEANZ % tyrosine FES BIES R FE&FHLTS
RES EEEAA WS AEMS s WAV BEE o
tyrosine phosphorylation?] inhibitor242} {EH u4El:
o HEEITH

FERERC 2 HHEE-S pyruvatest lactate 50 2
e WA ATPIZEER energy7} BTjgo] & &H), pyruvate
T WEoRERS el s, RN BT AA
lactate 2 #EHa ¥ T}, Pyruvate dehydrogenase complex
(PDHC)+= mitochondriajjell FiEste HAREESA
pyruvateE acetyl-CoA & decarboxylationA| A T, jxK
{tEFE1 Bt £AmMRHe TCA cycles &S
energy ERFAGNERR o FEI BRSO, ME
B pyruvates 453) striatumo]u} cortexZHfire] ADPE
flEeted BENE AES BN L, MileNE CatiiA

© 2 [H3F mitochondria B{5-S Fi#ste 1%E1L sted,
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(18) waategrslal #4214 A1z

o] w pyruvate:= mitochondria®] #Hef IEHEES HiE
Bh= et ok fl ks Aifes el lactate RE = JK
RIS ISR Enshe BEY £ e
), o]+ energy 4 AL (glucose metabolism)2] KT <}
BESRERY L2 Kade H@Eerr e,
pyruvate dehydrogenase(PDH)+= SEZEM: S HEst
(DND)E fRi#ste fEHol vte ME™7F At <]
3 s 5o @e A B, I I pyruvate T il
e RESte fEHCE, lactate: BEHERCE K|
s e AreE Uehdte A2 ¢4 F 30 K B
oA B M-& FA3EAIZ] # pyruvates} lactate Za2 Bl
Zot #ER, Bk el FEFH LTS RS B
pyruvate 3 lactate F&o] WA WUelEth ol= M=
ek e R5-S RASHA ke A& Brksh &=
St S S R O BRI mECHINE SRHE
o) o HH B e Ao BEET & BHe
MCAOf7% 281 5<te] pyruvate9} lactate ZET2 HlE
3 RoZ, MCAOT% 12,24, 36, 4885 <] pyruvates}
lactate ZE 2t BEgol FOo2 lojof & AR HIE
al=

i = Rl fRZEo] WA JEHR) REHiE S 25t
7b dojvted], ol = A8 et e & —ES B
22 AA BEM(gelatinous) 3 BHRR (glial scar) Bk
2 g mmiE miSHE #/{t(ischemic neuronal
change)?| WHREY AT R 48KFfHC] st of =1, 8
aEry pri-e 1285 o] fEstedok Bl HlmE
b} Bk BURE & F v, microdialysis o]
By %, §E YISt cresyl violet buffer2 ufhs}o]
ket S HifToFE T Image analyzer system< FIJf 3}
of B9 FHEGIMI HifaT AES WES AR, HE
ol Heall @ EBAl A ol S AEME T IS 80
o] W7} BEH A

PllellA AHE ute} Zo] 4&iE Tt glutamate,
aspartate, GABA, taurine, tyrosine®| && #t 2 JSH
o] EHET A8 SollA ARkl BES ] I
VAR fesl FIFE &+ & Ao EEdE

5

=

& LITo] S M TS E R v e $EE
BERHCZ #UBASEY] Bt £EF LTS i 1%, 3
FHolAl Mm-S FEEAA amino acidF T (EEWE
2 RS pyruvate, lactate®] S8 #4b 1211 ¥
M) mREY SRS B R O 22
Kol 0-1(}2-}\

=2
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1. JEER A BN EEEME R (EASHE gluta-
mate, aspartate, tyrosine 2& ¥MLE BHZI #HE,
FEFITCS BN el AR JA #fishe
AL 2 YEst

2. e i HIE M EEHE R fFHSe GABA,
glycine, taurine, alanine & & 85 BES R, 4
EEICE BEAEC] 3l GABA, taurineol] %34
T AEM! FEEUAT, glycine, alanined]| %3]
MNe FElEe] EEA %3kt

3.fE Mk MiEA EABMER EHS ste
pyruvate} lactate & #LE BIZE3 58, 4 &iH
TGS BER sl AEMe] WA &gkt

4. BéRe i 5% MleiafEol Bl MR MR 48
FOTCE BERRE] Hal AEMST T (R
YEH& vepich

KBRS B FEimiore] mi MnEREES &

PEER VARl A A o2 yEHA e, Akl e 45
ool HUE B BB S e mE i By
e 2 IR mEEe] BEFT Ml fEnEES B
Bt dlojok & Ao2 BrE
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