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The Effect of Phospholipase A. Herbal-acupuncture on
Neurotransmitters against Middle Cerebral Artery Occulsion Rats.

Sung Min Kim, Tae Young Jung, Seong Cheol Leem, Jeong Chul Seo, Sang Won Han*

Department of Acupuncture & Moxibustion, College of Oriental Medicine, Daegu Hanny University

This experimental studies were performed in order to prove the effect of Phospholipase Az(PLA2)
Herbal-acupuncture by using rats that had neuronal damage due to the Middle Cerebral Artery Occulsion(MCAQ). We
observed the change of extracellular concentrations(uM) of dopamine, DOPAC, HVA, HIAA, glutamate, aspartate,
GABA, glysine, taurine, alanine, and tyrosine as extracted by vivo microdialysis, in the PLA: Herbal-acupuncture
administrated rats(240~260g, Sprague-Dawley) subjected to the MCAO. The dialysates were extracted three times
before the MCAO and six times after the MCAO every 20 minutes, and analysed by highperformance liquid
chromatography(HPLC). PLA. Herbal-acupuncture significantly inhibited glutamate and tyrosine which are stimulant
neurotransmitters at brain ischemia, and it significantly decreased glycine, GABA, taurine, and alanine which are
inhibitory neurotransmitters at brain ischemia. PLA, Herbal-acupuncture may prevent delayed neuronal death(DND) in
selectively vulnerable focal areas of the brain effectively.
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Phospholipase Ay ZE§H0] BSEE M

ie}

Ay(PLAy)o] thsle] tumorE AMBH=T 4BREO] AT &S}
FOU™M? ol RAREIRS BIEAIZ] BiEYE FIMGSH
o REEMmEREA PLAE M EEwE vX]ls Ikl s
wgert B2E8 AFojct

ololl FEHEE PLA, ZEHRS Mz HFHES HRNCE
oEcl7] Bol ARRICE AMENR MEME MENS FE
X171 BF oA PLA; ERIKS SB(LI) Vol AT %, HiAE
Brifk(microdialysis) & BttAE BEEAENIE I sl(HPLOE #
ol BSESARS mEEEYEQ] mono amined amino
acid 2319 &8 ##LE BIESIH &S BRE LA7lol #E

ol Hlolth
) &
=
1. 32 ¥ AR
1) SE

Y $2E 240~260g9] Sprague-Dawley R Hit: 213 (K
BERHYIE)E FHSINL, 23 2fAMEILAIE Co., T
FE AEA HES siINCH, HEER BEE 21~247T, ]
EE 40~60%2 MEFOIG T, 3 U9 Bie &% 128HeR
Siom, B R 2HM BEEAT & EEol EASIC

2) ME

BHIKS Sigmaiit 9] phospholipase A2E F15lad At

RS 201553

=2 gEo] AM2E phospholipase A= FAIE AlY4
(normal saline)Z 715}0] FHHGIA
PARNIE

g7 gnlglE ERCE 31 control group2 FEMEINTY 5
EA1Z1 1L, sham groupS FHIEMS FHEAIFIA 1L, vHE Elol
A 22 290 Bt 5190, tail groupS FANE AlE4
(normal saline) 02m¢E H2jo] HASIREE 211 A& (LI4)ol
HHESH: EREel % L9 Wi XAzol saline groupE F
AFE A1@ 4= (normal saline)E, sample group PLA; ZEHKS
&% 0.1m0(0.5mg/ke)® 1M EASIR
3) M A

Bl ol sodium pentobarbital(50mg/kg)S HEREESSIN it
BEAl7) t# stereotaxic FE0] BIEAIA BWEE TSI B
#EES MG lambda®}l bregmaE HEECE HHES
coordinate Ap +0.5, L 3.5, DV -4.59] {0l microdialysis
probe REE BT guide cannulaE FESIFITCT. Stereotaxic
HBOE FiffS vkl ERHS —BH S0 KEHME AH &,
guide cannulaZ @S FHBHTEES B%F microdialysis
probe(CMA/11, shaft length : 0.24x3mn,
Sweden)E& #ADIL, microdialysis systemoll EEA|ZICH
Microdialysis injection pump(CMA/100, Sweden)Z FIFE6I]

14mm, dimension :

FHRAY B9 mEEENEA Ve BE

15u0/min®] FRSE ALESHEIE S probeol EHSIHTE A
THSERRR(CSF)2 NaCl 8.66g, KCl 0224g, CaCl, - 2H,0O
0.206g, MgCL, - 6H,O 0.163g9] 500m¢ ¥ NaHPO, - H.O
0.214g, NaFH,PO; - HO 0.0054g9] 500m IAHS RESIH 1E
ATt Bowl cage£Q] SlF|7F AAREC] SE0|E HREEOA] AEQ
HHHRRAS B S probe WIS £EBMMEO] HEAURE
ool MRSNRES BGIETE EN FE gio] 20MBeE 3
B #AESE S Bl O SEEE baseline 2 E 512, A
E FERE & GA] 207ERCE 6F HMENRE ISl X
S &R B2 (middle cerebral artery occlusion, MCAO) #i#%9] 1%
HFEFIS HPLC(highper fomance liquid chromatography)&
RIS 3ol
4) Zth=] S H 4 (middle cerebral artery occlusion, MCAO)oll
o gx9 HEE

EBRHS BISH AHE NO(70%)/0:30%)2 BEE 3%
isoflurane Q.2 A fikBEAI7] &, SEHE t0Bgol] GH MRS
BRI SISEEIERE fERSINICE 1593 &Qt #e REAID & S
HEikE T2 A2 0.25mE4ES] nylon monofilamentE K&
RS CE 9 17miRE Yol Eol RIEsike MRESIITE U]
BIE ZBAIE RETH B Mol KEAIZ e, F4r D mEE K
RS MEFEEEE MY EBRA BEE 7TCE #
BAIZOM, MElCl #RY EFHE ZHlE  micodialysis
systemol] E#EA]ZS
5) HPLCE 0|83 A3jahs 24

(1) Mono Amine HZkH™

SHoFLAF G mono amine®9 dopamine, DOPAC
(dihydroxy-phenylacetic acid), HVA(homovanillic acid), HIAA
(hidroxy indole acetic acid)9] standardE TFE7] Bl &&Y
AZ(Sigma Co., US.A)E PCAol BEAIAA 285 &, HE
50nMe] S8R REEB TS SFEATE EES] B3 mono amine
10p0E HPLC(Model 5200A, Guard cell:+400mV, Electrode:
-100mV, Electrode+320mV)E  FIFEKd  53#75199E). Mobile
phase9l #ERLE 75mM sodium dihydrogen phosphate, 1.7mM
OSA, 25uM EDTA, 109% acetonitrile, 0.001% triethylamine, pH
3.008 9rEC). HR-80 column(80x4.6m, 3m)S FFEHIH 0
SEE 10nt/min?] WMHHESE SHCt

(2) Amino acids &k '"®

SIBHILAL BH=  Amino acid(Glutamate, Aspartate,
Glycine, GABA, Taurine, Alanine, Tyrosine)Q] standardE RBHs
71 1o &S] HFE(Sigma Co.)yg CSFoll HEFAIAAM #35 100
MA fRESlel 22 BEOE Aoli &% 143uM9] ShEp HE
BEeg WEACE FE&Y amino acidE HPLCE 2#ro7 18 29
B sxFEl BEE AN BAFERE THEY] fdMe
OPA(O-phthaldehyde) 27mgS 1mf9] methanolo] =ciA] 5409)
B-mercaptan®} 0.1M9] sodium tetraborate 9mf-g mixingsicd
HCIY} NaOHE pH 932% 2HE H, #sle] Alsst 4ol
B+

HPLCE EE5#71517] 245/ Biol ##SI & OPA/B
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ME##E 1S} 0.1M sodium tetraborate 3w & 41041 working
=Tt EEIPI 1509}
working solution 54 mixingdt &, 15u0F HPLC(Waters 474

solutions2 2|8l amino acids
Scannind Fluovescence Detector, Waters Model 510 Pump,
Waters Model U6K)Z HIFSIH >#75193Tt Mobile phase®] #
B 01M Na,HPO; 700m¢2} methanol 30méE mixingdlo]
H:POJAR S E pH 6.02 2 BIEACE 1.2n¢/min FESE ol&
ol VERIAL 3194, columng 4.6x150mm 5u¢ Spherisorb
(Waters Co.)& FAIFHSIMCE Pump®] E/759E13} retention time
9l HHAERYQl SrBETE 2I9) temperatrue controlers: FfSIC]
column®} HES 30°CE ZERAA HBIATE

3. SAAC]

TIEREERO] AN HEMES ANOVA(One-Way Analysis
of Variance)@} post-hoc LSD(Least Significant Difference)
test17)$: FIFASIO] MBI M, P<0.05 KUEQ! Ae HESIC
I FEeldrt.

1. Dopamine g2t 5}

Sample 2] base line dopamine & &< 11.623.0(100)uMO]
i1, MCAO JEffit& F1, F2, F3, F4, F5, F69] dopamine &&=
%% 528.34167.0(8276.8+3191.1), 418.3£138.8(5246.7+2473.8),
218.3+105.7(2353.8+1020.7), 28.0£19.7(397.8+179.4), 32.2+24.2
(298.2+173.1) W 64.7+58.1(689.7+521.6)uME F3, F4, F6 tail B
ofl Hislo] HEMMP<0.05)UA, F5&= Tail goll B3l TS HE
H(P<0.0D)UA ZHASHE 2, F3, FA= saline 8ol Bisld 58
HE(P<0.05)AA 7348183 2m, control Ffoll HISkA F4e HEM
(P<0.05)RQA, F5, Fo2> XA HEMP<0.0)UE ZoE B
SIcHFig. 1).

0 Control
! BSham

" OTail

. OSaline
& Sanple

10
Collection time after MCAO(rring)

60 80 100

Fig. 1. Effect of Phospholipase A, on extracellular levels of
dopamine in MCAO rats. I~ concentraticninVh of exirace: v ar dopaming at
re 1grt stratum of rats suoected 0 WCAO, when was cosected three times
pefore VCACIbase ne) and sx tmes after MCAC at 20 mns ntervals n rat and
graysed oy BPLC a) ¢ Vean + Sandard EBrror Numpers in parerthesis are
reatve vaues to base re. # © Statsicaly sgnifcart as compared with Control
grous (# 0 P(OO05, ## - P(O0T § Statstcaiy sgnfcant as compared with
srar groot ¢ §  © (00588 (2Lt Stabshica.y sgnfican: as compared
win tan group (* P (CCh) +  Statshcaly sgnicart as compared with saline
grown ¢+ . P (00D

2. DOPAC gl g}

Sample 9] base line DOPAC &&= 569.6+189.8(100)uM
o)A} 11, MCAO Hiffité F1, F2, F3, F4, F5, F69] DOPAC &E&
&% 416.62190.6(93.9£30.0), 479.2+143.8(115.9+30.8), 486.3+138.4
(126.8+£39.9), 446.3+145.7(135.5+61.7), 424.0+145.6(76.3+13.5) X
190.0£69.4(57.7+10.6)uME  F2= control ol Hlgld HEM
(P<0.05)UA E7V81ATHFig. 2).
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Fig. 2. Effect of Phospholipase Az on extracellular levels of DOPAC
in MCAO rats. The concentration(nM) of extracellular DOPAC at the nght
striatum of rats subjected to MCAQ, which was collected three times before
MCAQ(baseline) and six times after MCAO at 20-mins mntervals mn rat and
aralzed by FPLC. @) : Mean £ Standard Error Numbers in parenthesis are
relative vailies to baseline. # © Statistically significant as compared with control
group (& P <005)

3. HIAA ¢}k Y33}

Sample #9] base line HIAA &E& 2349.2+511.1(100)uM
01911, MCAO HEfitg F1, F2, F3, F4, F5, F6Q] HIAA 482 &
5 1223.7+216.1(64.3213.7), 1415.3£262.9(66.7+7.9), 1489.3+358.3
(66.6+6.9), 1453.7t468.9(67.9£6.1), 1679.2+436.5(73.9+7.1)
gl 1249.74487.0(67.9+121) M. & HEMY = Hile BEEXR
IR HFig. 3).
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Fig. 3. Effect of Phospholipase Az on extracellular levels of HIAA in
MCAOQ rats. The concentration(nM) of extracellular HIAA at the right striatum of
rats subjected to MCAQ, which was collected three times before MCAO(baseline)
and six tmes after MCAQ at 20-mins intervals in rat and analyzed by HPLC. a)
© Mean * Standard Error Numbers i parenthesis are relative values 1o baseline.

4. HVA s} 153

Sample #£9] base line HVA £E& 1408.5+146.2(100)uMo]
Q1a1, MCAO ThfiTtg Fl, F2, F3, F4, F5, F6Q] HVA B2 &%
900.9+128.2(64.7+6.7), 980.7+156.6(71.6x9.0), 1013.0+167.1
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Phospholipase A, o] MRS FHiEA

(73.4:9.1), 985.4+154.9(74.118.5), 1119.1+166.6 (81.318.6) L
1131.54220.0(80.2+8.4)uMOE F12 sham Ffo] ulskd Atk
(P<0.05)UA S7151913L, F2, F62 control Eroll HIGHH Bt
(P<O.05)QAA 715193 CHFig. 4).

100 ~—— == -

i
| @ Control
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| OTail
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| ®Sample
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20 40 60 80 100 120
Collection time after MCAO(mins)

Fig. 4. Effect of Phospholipase Az on extracellular levels of HVA in
MCAO rats. The concentration(nM) of extracellular HVA at the night striatum of
rats subjected to MCAQ, which was collected three times before MCAO(baseline)
and six times after MCAO at 20-mins ntervals in rat and analyzed by HPLC. a)
: Mean # Standard Error Numbers In parenthesis are relative values to baseline.
# © Stalistically significant as compared with control group ( # @ P (005, ## :
P (001 §& Statstically sigrificant as compared with sham group ( § : P
(00588 P<001)

5. Glutamate 3hzF ¥ 3}

Sample #£9] base line glutamate &2 2.6+0.44(100)uMo]
R, MCAO Hfirtg F1, F2, F3, F4, F5, F69] glutamate &8
&% 6.8+1.97(284.9+88.7), 5.3+2.34(190.7+62.9), 70+3.75
(136.3+29.7), 9.0+5.78(167.7+38.1), 10.4+5.85(175.0+23.5) %
17.7£8.56(155.8270.5)uMZE control Eol Blgl] F1, F5, F62 &
M (P<0.05)Q A, F2, F3, FAx SIA6HAH HEM(P<0.0)U= 2
428 HEIrhFig. 5).

o

900 e
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700 :
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T 500 | o , ;fhfm
=3 i ail
g 400 ‘{ Te il ! Osaline
& 800 e 4 . m Sample

200 |, 4 S L

100 | i .

ot || 3

20 40 60 80 100 120
Colection time after MCAO(mins)

Fig. 5. Effect of Phospholipase Az on extracellular levels of
glutamate in MCAQ rats. The concentration(uM) of extraceliular glutamate at
the righ: stratum o° rats subjected to MCAQ, which was collected three times
tefore MCAO(baseine) and six times after MCAQ at 20-mins intervals In rat and
analyzea by HPLC. a) : Mean + Standard Error Numbers in parenthesis are
relatve values to baseline. # : Statistically significant as compared with control
group { # 1 PCQO05, ## P(001)

6. Aspartate SHeF tH3}

Sample #£9] base line aspartate &&= 0.9+0.2(100)uMo| A
1, MCAO fEffg# F1, F2, F3, F4, F5, F69] aspartate £82 &
% 3.0+1.6(2912£30.1), 1.8+0.5(291.44190.7), 2.7:0.9(330.691.3),

171 81719] gz nixls EE

5.0+1.7(259.8276.7), 4.4+1.8(231.2496.6) L 4.2+14(281.0+126.6)
203 Aol YUCHFig. 6).

B Control
B Sham
CITail

O Saline
B Sample

Aspartate(ph

20 40 60 80 100 120
Collection time after MCAO(mins)

Fig. 6. Effect of Phospholipase A> on extracellular levels of
aspartate in MCAO rats. The concentration(uM) of extracellular aspartate at
the right striatum of rats subjected to MCAQ, which was collected three times
before MCAO(baseliner and six times after MCAO at 20-mins intervals in rat
and analyzed by HPLC. a) : Mean £ Standard Error Numbers in parenthesis
are relative values to baseline. # : Statistically significant as compared with
control group ( ## : P<001) § : Statistically significant as compared with
sham group ( § : P <005 )

7. GABA 3}2F W3}

Sample BfQ] base line GABA &EE 0.2+0.1(100)uMOI%}
1, MCAO #ifiit% F1, F2, F3, F4, F5, F69] GABA 682 &%
30.8+14.6(8366.5:4661.0), 38.0+20.1(13682.7+6729.2), 22.9412.7
(10977.3+5895.1), 15.7+11.1(2726.0£1842.0), 22.2+16.3(2834.0+
1877.2) & 27.0+17.5(3426.4+2936.3)uME F2%&= tail &foll Hidl,
F3, F4t= control fol ul3lo] HEMEP<0.05)RUAA 24k om,
F5, F62 control Efoll B]5l0d A 6A BE#E(P<0.0)UA= 24
£ HAUrKFig. 7).

80000 I
70000 :
5 60000 ’ QControl
=2 50000 Bl Sham
b=y 20000 O Tail
Z(g 3 Saline
30000 ¢ M Sample
20000
10000 ’
1 Ms

20 40 60 80 100 120
Collection time after MCAO{mins}

Fig. 7. Effect of Phospholipase Az on extracellular levels of GABA
in MCAOQO rats. The concentration(uM) of extracellular GABA at the nght
striatum of rats subjected to MCAO, which was collected three times before
MCAO(baseline) and six times after MCAQO at 20-mins interva's In rat anc analyzed
by HPLC. a) : Mean + Standard Error Numbers in parenthesis are relative
values to baseline. # : Statstically sgnificant as compared with control group
(#:PC005 ## P (00N § Statistically significant as compared with sham
group ( § : P<0058§ P(001) *: Statistically significant as compared with tail
group ( * P {005

8. Glycine &Fg ¥i3}

Sample #2] base line glycine &&2 1.3+0.5(100)uMo|}L
1, MCAO Jffit# F1, F2, F3, F4, F5, F6Ql glycine £E 2 &&
8.2+4.3(357.3+125.5), 11.0+7.7(314.8+88.8), 12.316.9(599.3+339.3),
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9.7+4.8(158.0+1902.0), 115+4.9(4285+158.3) &l 14.9+6.4(356.0+
108.0)uME control B0l HIGl] F59} F4, Fel= zHz} m) @ 55
(P<0.01, P<O.O0OD)AAH Z2AEIACKFig. 8).

12000

10000
» 8000 1 O Control
= | B Sham
g 6000 O Tail
('E \ O Saline

4000 B Sample

2000 !

!

20 40 60 80 100 120
Collection time after MCAO (mins)

Fig. 8. Effect of Phospholipase A, on extracellular levels of glycine
in MCAO rats. [ne concerratoniuM) of exrace ular gycine at the nght
stratum o rals subected o MCAQ, which was coliected three times before
WOAObaselre) ard six times after VCAQ at 20-mirs intervass .n rat and analyzed
oy #P_C. a) - Mear % Staraard Error Numpers i parenthesis are relative values
‘0 paseire. # ¢ Statistcaly sgntcant as compared with control group ( # : P
(00H ## . P00, ### P (0C00M § : Statisticaly sigrifcant as compared with
seam group ( § 1 P <005 §§  P(<001)

9. Taurine &}2f B3}

Sample E£Q] base line taurine &8 19.4+9.4(100)pMo| R}
a1, MCAO JEffitg F1, F2, E3, F4, F5, F6Q] taurine &8 &%
67.2+11.7(821.64360.0), 69.9+11.6(949.4+472.8), 74.5+11.2(1040.1+
537.9), 67.0+12.1(934.3£524.8), 68.6+11.1(908.4+397.9) B 69.0+
12.8(498.4+146.6)UIME F62 control Boll HI5l0d 15 &it:(P<0.05)
UA A48 ChHFig. 9).

4000 -
3500
3000
O Control
2 2500 .’[\ & Sham
]
S 2000 1 O Tail
5 1500 O Saline
. ® Sample
1000 -
. .
500 s
0 - -

20 40 60 80 100 120
Collection time atter MCAO(mins)

Fig. 9. Effect of Phospholipase A, on extracellular levels of taurine
in MCAO rats. "re corcentratoniuM) of extraceisar taurne at the right
svatum ¢ rats suplected ‘0 MCAQO, whieh was coiected three times before
VCACaseine) and sx trmes afler MCAQ at 20-mins iriervais in rat and
arayzed by FPLC. al -~ Mean * Standard Error Nurbers n parentnes:s are
relative vawues to baselre # - Statshealy signifcart as compared with contro!
group ¢ # : P 00D

10. Tyrosine gHf M3}

Sample #t2] base line tyrosine &ES 0.8+0.2(100)uMo| R
11, MCAO laffitk F1, F2, F3, F4, F5, F69] tyrosine & &< &%
1.6+0.4(183.319.6), 1.6+0.5(207.8+719), 1.5+04(203.7+67.7), 4.9+
23(2523£942), 53+2.4(327.2+78.9) W 4.0+1.1(294.5+103.2)uME
F1, F2, F5& control #oll BIdlo] #AEM(P<0.05)UA, F32

control #ol B8l XA FEHR(P<0.0)UE LAE B

CHFig. 10).

1200

1000
= B Control
\09) BB Sham
2 O Tail
g 3 Saline
. M Sample

Collection time after MCAO(mins)

Fig. 10. Effect of Phospholipase Az on extracellular levels of tyrosine
in MCAO rats. The concentration(uM) of extracellular tyrosine at the right
striatum of rats subjected to MCAQ, which was collected three times before
MCAO(baseline) and six times after MCAO at 20-mins intervals in rat and analyzed
by HPLC. &) : Mean = Standard Error Numbers in parenthesis are relative values
to baseline. # @ Statistically significant as compared with control group ( # @ P
(005, ## : PCOON

11. Alanine 8}k H351

Sample B£O| base line alanine &8 0.4+0.1(100)uMO| A
1L, MCAO liffite F1, F2, F3, F4, F5, F69)] alanine £8& &%&
6.2+3.1(378.0£105.3), 4.3+2.7(232.1+42.7), 8.1+5.3(295.6+87.3),
9.915.9(491.0+186.8), 15.0+8.4(737.7+306.4) H 14.9+7.2(410.8+
237 5)uME F2, FA= control Efoll B]8lod HEMEP<0.05)UAH 7
48l HFig. 11).

4500 -
4000
3500
> 3000 ! B Control
2 2500 | M Sham
§ 2000 O Tail
< [ Saline
1500 M Sample
1000
500
0
Coliection time after MCAQ(mins)
Fig. 11. Effect of Phospholipase A, on Extracellular Levels of

alanine in MCAO Rats. The concentration(uM) of extraceliular alanine at the
right striatum of rats subjected to MCAQ, which was collected three times before
MCAOtbaselne) and six times after MCAC at 20-mins intervals in rat and analyzed

by HPLC. a) - Mean * Standard Error Numbers in parenthesis are relative values
to baseline # © Statistically significant as compared with control group ( # © P
(005, ##  PCOOY
a 2t
BEQ| o] 48 & PLAx 85 enzymes9] TERNOE
A zer FHEE91 phospholipid®] 2nd BEL|oll Aol Aldd
g TlrEdldle EMEAEA M SHRBERE ERSIKH

Phospholipid®} MRS sy@#siaL, ThE MK mERZol F
g FETOT FEHBRS f By HERES FHESl=
grgo] Btk PLA29| Hhgol dal HH¥ AHEe 23 Aliet
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Phospholipase A, Zfo] MEME & EAI7)

Ll el J}JJ'“ PLAS} T2 :‘_i/\oﬂ Olsf ZHLASH
A 0]-,‘0~]X]¥31 PLA0Y 2l8] E4%¥ phosphoglyceridess #<
Eo] 2R SHEEAE thRIE o RITE PLAE MERY] &
TAE E717)1, 400 SES AAGIL ME T 2 Wi
29 A2 S WER|ZIcHY. 8 PLAy= S8 AM20)A] Melittin
I AEBORE Agsl MZEY 8548 SynA Er. 1
o]l Nethery D™o] 98k &ZHTIOl  mitocondrial)
ROS(reactive oxygen species)®] &4 PLA QA1 5}
A1, Wu YLPol 9151 TNFEUTAIRIANol 98t M 29)
PLA;9] d3k= M2 E Al o|2A 5k H R0 AT E Hul
= 59¢ @4aukd sI9ck

HETA L7 MR EEYES oF 071K Lo, —if
HIQE FHEEWE S 37N E £ 4= Ar}. Amino acidF
EEWES [ &, aminefis [, peptideRs MAOC T S¥ESH
U} 5] amino acid%+= Glutamate, Aspartate, GABA, Glycine,
Taurine SCZ wlE {EFE LIERNE fonmth EEEMEOIT, BS
RE B A RmEmOIA 4 % RS Bl =l QI8
Oﬂ HEY T MEMCE EASIEE. AmineRe HEHR -8

F2 sl REmtt EEYEoIH, peptideis OFF] AMAISH #
ﬁEO BGIAA koL, iR EEmE ] REIS B 8k, tIE
THHEEEYIES] HIRE W] T WEE £HS ST St

RENCE JSE M MEfEwE 2 MMl BEs o
S7l=d, BN #% O}l energy fREI7F KETIA 22 BEHAQ] i
AN mEC] #H3 Z29 MKE # —EEEo) £
RigolA BEE T Bt WEHEE Hitd #o RoE2 B
58 5 Ay

JEFIHRY RS AN HEHEs UsBW, s M
HE EMREZT =W MRS &2Ho] WiEo] Mk
Na', Ca¥o] WAEL #Migstol Kol tm=s R
(depolarization)Bko] YodT) KESIMFE7E 6-8mL/100g/min
OE HW ATP7} §A56] B®E L, M7l Bl 5= A7 =
ol & H#EER 1JFEE wZITE 53] Krebs cycle®] iE4HEQ)
Glutamate, Aspartate®} Z+2 HEM: MEEEWES KEMRK
HEMAES BEAA Na'd Ca°S NS mASH sl 3k
AR MG S YoTict MIAE Ca’ol mmEy Mk
[ #5BEE (phospholipids)S fi1#8l= phospholipaser} &tk
1[:51\:} Bl gaRgEso) WP E MOl Cao Fdtko] Aigewo] Wl

EElok= JEFEEY BIES werh o] RBiERA Bl

free radicalo] &ML Eol MEE EE, BEEE® 04,
prostacyclinG it HE 52 YLUrt HiE WEES HEE £
of Heies HEe KE50] NMDA(N-methyl-D-aspartate)
channel®} FABHE glutamate 27588 EETHIZ FFSI=D OFF
TR LA RIAE Ca™ WMAS iERisHs o) LIeA 91
Ao, A7io B mE Mgkl 4A7| EiEzls 229 o
/\17”:*?_ TR ILREEY A% Elofz] A2 25 mEMns g
oA B,

|

H

4>

9 migmEweEd rXe ¥

MEMS % 71X FigEms Beo s gashen, S
= MEEE ool BES MK ko] METrhs Hol1,
ERE MR AR oA AEEES Slel 2 MRS
L2 BRSIHE Rolth Bsf @igko) wan migMs] 522
BREHE MIA BRS RS & gl 210) ol I, MES K
BATIAL BHEAESY Ca¥ AL EEsIAL olH Bl
HEEEMES HESORA HEMRES 5202 U
& 4 QUL ¥Ry EIRt T QhE #47) Bol & HERES 8}
Al HQAc Y EES HEcls BWER moddS ¥ &
7t Q= global ischemic modeld} focal ischemic model 7%
#ol QT 218100 MM FHS WA MEHRS GRS
ek W AR W HEEETR TS B45Hs Ao

=T, o] HES KMHO BEME FS &t BT SO H
o] wrhe @& Qlol, K HRe BN ENne

FEATI S TS WToICh At Ml R0 FER s
The EER BRIRRIQ] W rmEel BSRsk| Bl Jeapdits A

EMEMOE SIATH

K EBS FAREINK PAE TWE ratd) GH BEm HR
I striatumd THY WHEEEYE £ mono amine®l
dopamine, DOPAC, HVA, HIAAQ} amino acid9] Glutamate,
Aspartate, GABA, Glycine, Taurine, Alanine, TyrosineS] 2EE
microdialysis & HPLCE FIFHdlo] E&E 7#Hol¥ L, &% 80}
Z 1A E BH H5OZ olol MCAO #i 18RS 205 7
HAOF 3xH microdialysisZ Bal sampleS Hi5H O,
MCAO & 2:RIsQr 205y THEOE 6X1 sampleE HSIo
MCAO FiIRE HH# 575k

Dopamine2 amino acid@] L- tyrosmeoﬂfﬂ e XM ol
B4 tyrosine hydroxylaseoll 9181 7}=2a1%]o] L-dopa (dopamine
g9 AF2d)71 X1, L-dopa’}t Dopa decarboxylaseol]
213l Dopamine2.i2 decarboxylationFlL}t. Dopaminee Glutamate
9] NMDA receptorol] thol ZHgol #7151 Glutamate] Al
SHANEE RESIL guHd om®, oEd sAR
microdialysis ¥ & 0]2¢} global ischemic modeld} focal
ischemic modeloil A M| Z2JMO] Dopamine 3120 A E715}
ARt ol2Adt E7He exocytosis 71, AMEF Y L 4skhAl
9 H3lZ o 1B, HAMO BT V1A 4775 UE
o GEBA T A2m MEAY] Glutamate TET AN H
zoll HlEsld E7H6ict Dopamined] AL A4 FHToj 8]
g8l E715ht 7145 Glutamateol] B]8lo] =™,
= keld Dopamme_J :’-—j, S7h= MCAO ESERYA] &S
HO| £AFH T OIE A QOMP, EF) FEM uaal

2

A] Dopamine 751 Aoz M & LE58 &S 7
I Ut wsk ZAEE ZZHE ¥ U ohJE) adenylate kinasel}
creative kinaseZF: THAMG 40 ERMES HOIC?), = 21810)4]
Mol FHrE & HHREFolAE Dopamine®) glFe 6057714
716k 1 o] A4sIHnh K EigolA BEMES FHEAY
& Dopamine £8E BESH R, EHESHS R L)
BEEE JA7 IRt
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DOPACT} HVA¥ Dopamine®] thAK } =S K‘ﬂ:\—ELH
Dopamine 3}12:0] XX T AMSEE= fEMEIN £ basal levél%
SAGAL Zasitty Budgen®, 2 gsoa ikimol
T & ol ETol 48] HVAQ] EHES basal levelQ] $EoflAd
ok} ZhAdhke @3k BSrk o[eld ZhAE mono amine®) 4}
Blof TAGH= G491 MAO(monoamine oxidase) &49] ZtA
9} Yo AE ASE 47 5\_‘?} K EEolA MEme FHEiEAl

71 # DOPACH} HVA & #Hiugtol el g88ds 57t
7} gHERE et o371 Dopamme HRE HEEJIA AXE W
1 Dopamine®] tHA}HEI01 DOPACH HVA= HEMJUA £t
sk Az LER) o B a5 HQg AoR 47

HIAAYRE 2418} 01540 4] serotonin®] TthARHZOICL

BSEMA] HIAAE ¥ #1817} QAL 2 ﬁ:ohl} 7V aE A Qe

o, »t A8 Oﬂ’\ﬂ e o] fSuE & ] AToA 9 HIAAQ
o] AL A HERolA MBS FiEAI7 % HIAA
peanig g;g Bh KSR, PLA, ZEBRRIF RIS HRErO] ol AEN
U= AL BEEEIA] RRkou) e T W AUt Eod
ANOE W)

A0l EFH EEEMES Glutamate® Aspartate]

], 0]E<> cortex, caudate nucleus, hippocmpus #f70] 7V =
2 mpEe sk QP GlutamateS} Aspartatet= hypoxial-}
ischemia 2JEHONlA] release”} 3EHNBIL, reuptakes ¥KASH=t]
B pgre M Al Glutamate®} Aspartateﬂ HEHSIEE Kok &t

HAS] M ESCRTL EMEHAS] SHSHIE 4y SR MRt
HiES o=t 58] NMDA receptore= Glutamateo] ©|&}
activation®] 3gMNE Ca™'ol MINE BRESHA WAF ] St
M7 AofLbil, RAMB T free radical® £FEO] 18I0
Elo] i FEM 25T LERITEY. 01218k SEIERQ) RIE
of fkated #HIEvE SRS LIERAZ] RUARIE 24-7285R F 57t
FRESFICE. NMDA receptoroll 2l Glutamate@} Aspartate@] F

% NMDA antagonistol] sl oi2] EhiollA] Mgl =7E7}

=
T.

MEECH: #®e™7E AQCE A HEOIA BB FRE ®
Glutamate@} Aspartate ST BT £, Glutamate SE>

PLA, $EHG REMLSH EBaEFol H &
OV} Aspartate E{> HESH Alo]7F BEEIA] Tt o] 2
% PLA; ZE0] Glutamate releasef: I#IA171HA] NMDA
receptor®l antagonist®2419] {EF  HhEMO]  BIEEIRCOU
Aspartate®] 2% 018 ¥gl7} gliz ACE Bigyol &5 ¢
Toe dAv "Qsictl AledEnh

GABAE UIEHQ] UMM TASESEMEIRA]  striatum,
globus pallidus, substantia nigra Soll 7}& ®ol 43zl et
T BEHEMEY W RI% GABAL BB ROES BT 4S
FIXTL MRKE C-0 MEBHS HMEBsr@AIA AdA F
T} 9] BEM GlutamateS} Aspartate EIEME releaseT N
S}, NO(Nitric oxide) #Hislo] BRgMEMSl HEMS KA
# MRS MR ®E 7 AATE K ol BRI
& FEAIT] % GABA &3 BIgKSH #BR, PLA, B S EHS)H
e ROl A HESH Sk 2R LIEKITEH

HEAUS BP7} RS

GABAQ} &4 dHEmiERolA WMEHES Mk
oh= mgEmEmEE YeA JTh. B3] Glycine2 NMDAE

Glycine

HEIGHE antagonistQ] BEIZ MNHESS (FH5H1L ¥, mET m
Q) kgL NMDA receptor®| antagonist &EHE Sl
FW36)7) ALt A HEiolAl BEEME FHAI] & Glycineg

HES R, PLA, HEE EBESH FiolA &S Baal

= HAeE LIEKTH
Amino sulfonic acidQ! Taurine2 4f&0] WHMEAT & &
2ix] QIrh TaurineT GABASH &7 Mt SERT"E &4l
SHAILE FHeko) #iIES o] A Ui RUA| LTk chek BHE
IEE MHEEREoILL AFRetel Mfo] I wl Taurined]
BMKRS Mol BT #ES ke ®EVY Mt O
%E#OH Taurineo] Ca™ WAS WAAIZICHE W 12T BN
f: BEM: amino acidZ Ha Ca’'ol20] MlRE Bol HASH
04 MABEEE Aoy RERES MRS |E39)7E AU
c}h K HEolA EENE FHEAIZ % Taurine B E BESH
R, PLA, BH S EESH BEEolA BE3AH BP3ICt o
= Taurineo| FEEEMIFY MIIRES #AEol EESH REIES ot
= 71Ee waETe iR UEh} 25 o Be 3Tt 2ast
AL ARHEIT
Alanine2 H¢d  amino acid £4], kynurenic acid 53 fFEEZ
Q1 kynurenine hydroxylase®] #lIifI#I= YEFSIEIY. Kynurenine
2 tryptophan®] REBEWMEA WO Rebo] uiehtH,
kynurenic acid®) iERMIEOICE. BifEMFF dialysis probeE &)
hippocampus®} parietal cortexiZffifizo) Alanines EEGPH FE#r
Y& ol kynurenic acid &80] N o] glutamate receptor?)
FHHREA BHS 511 kynurenine hydroxylaseQ] #li&) &y
& BANS vl IS B MEEIris BETE Ed)
Alanine2 i MEEEMEE ERYS ¢ 4 ATk K B
oAl BEEINE FHAIZ] & Alanine 58S BZ0H R, PLA
EHS RES EREOIA FHESH WIS
hippocampusBfzol Tyrosine Phosphorylation(#§{V) 0.2 #
#ShaL V=, M Phosphorylation0)
Phosphotyrosine 25 =6 Tyrosine Phosphorylation®] {54
LE Mmiehe BES CA4s CALY] MRS #E Yol
E5| 59 —F Mol MRE —HWE EESIRCE T
FERA7]E Tl Rt Brol VIERIA] irb7t NMDA
receptorol] 8] —EHARIO] ALIH EERAIol BREM: T i
17 (delayed neuronal death)7} Yoldti= ®EYe @)
Tyrosine® BEM: WEAEEMER EREE & & AUACE &
BEolA BEINS FEAIL # Tyrosine &S BESH &R,
PLA, #e BB EREOA BEHIIT B2 LIERL
Tyrosine Phosphorylation®] inhibitor2419] fEF @JHEMO]
=t
DA EofiA] &iHE Hieh Z0o] PLA;, ZE#S mono amine?!
dopamine, DOPAC, HVA2} Glutamate, GABA, Glycine,
Taurine, Alanine, Tyrosine EolA] H&#0] BETA &t
B hERE 9 OEEY WEMEET kol FAE

;:v

nro.
JEC

. Tyrosine2

Tyrosine

A~
% 9)
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Phospholipase A, ZZfgo] MEMS FHRAIT] 379 MEMEyE nil= 28
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=4
=
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=
L

PLA; ZEH> BEY: miEEEMES MHsh= fEfo) ZH
Bol A SLAEE|S], BEROIA BN AEIMEREAS SR AR
I REEHEAIIEN Bikol IERE 4 AS 22 BT
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