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The Effect of Hirudin Herbal-acupuncture on Neurotransmitters against
Middle Cerebral Artery Occulsion(MCAO) Rats.
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Department of Acupuncture & Moxibustion, College of Oriental Medicine, Daegu Hanny University,

Abstract

Objective : This experimental studies were performed in order to prove the effect of Hirudin Herbal-acupuncture by using rats that had

neuronal damage due to the Middle Cerebral Artery Occulsion(MCAO).

Method : We observed the change of extracellular concentrations(#M) of dopamine, DOPAC, HVA, HIAA, glutamate, aspartate, GABA,
glysine, taurine, alanine, and tyrosine as extracted by vivo microdialysis, in the Hirudin Herbal-acupuncture administrated rats(240~260g,
Sprague-Dawley) subjected to the MCAO. The dialysates were exiracted three times before the MCAO and six times after the MCAO every
20 minutes, and analysed by highperformance liquid chromatography(HPLC).

Results : Hirudin Herbal-acupuncture significantly inhibited glutamate, aspartate, 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.

Conclusion : Hirudin Herbal-acupuncture may prevent delayed neuronal death(DND) in selectively vulnerable focal areas of the brain

effectively.
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e KRG AEEES R TERCIEE, HEe
AR ol HERS BEE HEIT SEEE
fEo) JRRel wheh FRHER, HERR, (CISE M, G iE
% 59 WBke ST, o Welle ME7H &ty
et Balb7] did e miE kA B B
RE, ORI FREEME REaES gl v IE
< Bo) A o,

KBS KERK(A Y 2] 3 Hirudinidae)ol] &3¢ A=
(k#%:Hirudo nipponica Whitman) £¢] #4829, e
PANES bR FEES KSR ASI AR
TR, BOBGEARRY #ggol oA BURIEH, B,
BATHES FHRIT0. KiES] F48< Hindind 3§
o]4 & 4 FdEFAHo F4 FALIE AAS =
g 2o, F2dE BRMWEES oI 2 X8 = A
AR PLmEEEE Y8 I AR AREY gltP.
KiEEHY 3 ATEE endotoxing FYBh FE
A7 mifEd] g dFe Joup, ok 7R Rkl
kS AN BEEE FIASH IR MEFE A
KBS ) W EIEWE Y WAT R BT %R
= A9 gle Aot

olof] FHT BRMILFT, BT E AELE g
B Ago] g ASE dAEE kiE FAEC
Hirudin $568 0 2 MR ZH38R; mEEwE &
BS Fo] MES HERES BERHOE WS B
3 ABHLE hARIEIK AENE MRS 3
71 #F o)A Hirudin RS 04 EAS %,
HENTE(microdialysis) 2 FiERE IS = rIE TR
HHPLOE At MBS g
mono amine#} amino acid 2519 Z& #LE HEst

AR HRE AN #Este vholth
n. % &
L &ty 2 ke
1) B34
S BB 240~260gS) Sprague-Dawley® M 3
FACREERFWAEDE HHSINY, 23 LAEHA

ANE Co,h)E AHEA HES AUOH, WHE
RS EEE 21~24T, JEE 40~60%2 HEREIAT,
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23 o) GEfie &% LR2EMoE sislon, BRE
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2) ¥t

oS Sigmajit-¢] Hirudin Fragment 54-655 -1 3}
o ARSI

2 Jiik
DEESE

B EEd AME® Hirudin® AR 2] E<(normal
saline)& 73k FABLEIAT

2) BEagR

87 8ulE)E IEECE 3§t control group i i
o A2 L, sham group B M-S FREAIZIA &
2, opH A A e R BT s om, tail
groupS FAHE: 2] 4x(normal saline) 0.2ml-E R Elof &
ASIHEE 222 ALl HEEste BEREMS 88
# L9 WM Khrel saline group FAME A AT
(normal saline)Z, sample group Hirudin iR &%
0.1ml(0.5mgkg)¥ 1[H H A Th

3) HIBEITE

3 # ) sodium pentobarbital(50mg/kg)-S EEES 3
TN Z) 1% stereotaxic FATES EEAA BEEE IF
itk BEiES FIFESY lambdad} bregmag FH#ES
2 fGiHEE ) coordinate Ap +0.5,L 3.5,DV -4.59] figEol
microdialysis probe $ES 53 guide cannulaE &3}
At} Stereotaxic 7S 2 FiGE vzl HEEES —HEH
Zoto] WHEHAIE AW 1%, guide cannula & ESF fUdH
FMES B3 microdialysis probe(CMA/11, shaft length :
14mm, dimension : 0.24 X3mm, Sweden)S #HA S,
microdialysis system®l] $E#%A]Z CF. Microdialysis injection
pump(CMA/100, Sweden)E FJFSI] 1.5#/min®] Jik
o2 ATHGHREMRS probeo] FESHATH. ATHEFFEE
Wi(CSF NaCl 8.66g, KCl 0.224g, CaCl - 2H:0 0.206g,
MgCL. - 6H:0 0.163g2] 500ml ## 3 Na:HPO. - H:O



0.214g, NaH:POs - H:0 0.0054¢2] 500ml ##S HASH
of THEAUTH Bowl cages-9] 37t AR o] FH ol
ikREC A Hi§ o] #RAHEEA Sl AT S probe THHe] 4
SRR MR kSt SN HRshTt.
TR 753 miol 200 RS2 3ln] MBS B
gto] 11 FHHES baseline 02 &Y o, [ A5
% A 207HRSE ol fdmEmES et ik
R B PA ZE(middle cerebral artery occlusion, MCAO) Fijf%
o WAMEMN S HPLC(highper fomance liquid
chromatography)& Flfiated 43473t Th.

4) hRBSENBREAZE(middle cerebral artery occlusion,
MCAO)O|| oot &lF|e| RérEm 3"

EwEe e BHE NO(70%)/0:30%) 9 A
¥ 3% isoflurane O F A FiEEAIZ] 1%, SEERE YISt
of il WSEEIRS) MSEEIRS WERSHTH 1555
s ZEANZ % HNEEIRS S5 AE5 025mm
B2l nylon monofilamentE NHEFHIKEZCZ £ 17mm
R o] Yol mRIEEIRS PAZESIICH YIRE A
£ HAT % il A KEA RS, T RO K
BHRsS RERGRES flAst el BEE
IICE MEFAIFHLH, JE o] FEE I8 $HE
microdialysis systemol] A 7 T},

5) HPLCE FIFIS} L2828 T

« Mono Amine &R

AHretZ A 85 mono amine$: 2] dopamine, DOPAC
(dihydroxy-phenylacetic acid), HVA(homovanillic acid),
HIAA(hidroxy indole acetic acid)®] standardS THE7] 5
&l %9 W{gESigma Co., US.A)S PCAd HEAIAN
St %, FF SnM] S FERTS TEATE
#3}7] &3 mono amine 10x1E HPLC(Model 52004,
Guard cell : +400mV, Electrode : -100mV, Electrode :
+320mV)E FH 3] 44781 o Mobile phase®] %5,
< 75mM sodium dihydrogen phosphate, 1.7mM OSA, 25¢
M EDTA, 10% acetonitrile, 0.001% triethylamine, pH 3.0
o2 Qo HR-80 column(80 X 4.6mm, 3pxm)S #I|FH
gto] olF g 10mi/min®] jFEO R FHTh HEE
base lineff 2A17F E¢F 208 7+-A(Fractions 1~6, ] 3}
Fl~6) 0.5 Hl5E 35Tt

Hirudin %0 BB MmE FHEA87 2] mEMERHA WA= B

« Amino acids E&E"

et A 3E Amino acid(Glutamate, Aspartate,
Glycine, GABA, Taurine, Alanine, Tyrosine)®] standard &
THE7] A8 &4 H44Sigma Co.)s CSFol| #fA 7
A A% 10y FRIEte] e HECE oA &%
143pMe] HhEp B S SHEITE &% 9] amino acid
£ HPLCE ##isl71d 250 st sefte AR
ok SRS TS ) 9184 OPA(O-phthaldehyde)
27mgS 1ml9] methanoldl] ojA] 5pul9] B-mercaptan}
0.IM¢} sodium tetraborate 9ml-S mixingsdled HClF}
NaOHE pH93o% %% H,Mtstd Asdh il
B FAvh

HPLCZ g&aiidl7] 245 wiol #fisted 52
OPA/AME A 1ml€} 0.1M sodium tetraborate 3ml-S- 41
Al working solutionS HEUT F&EdF7] 91g amino
acids 15419} working solution 515 mixing3t 1%, 15pE
HPLC(Waters 474 Scannind Fluovescence Detector, Waters
Model 510 Pump, Waters Model U6K)<- Fliffi ke 43473}
%1 th. Mobile phase®] #Em= 0.IM Na:HPOs 700ml %}
methanol 30mlE mixingdte] HPOGEH S Z pH 602 =
W9t 1 2mimin RO oAl Uehbl 33
7, columne 46X 150mm 54l Spherisorb(Waters Co.)=
FIF s ch Pumpe] MR 3HER retention time 2 FRAH
fryel #iES 98l temperatrue controlerS FlH 5t
column®] HEE 30CR2 WFAAM SHrstdich ZE>
base linefs 2A17F £¢F 208 74402 g T

3. Mt

BEHRS Hilth HRMES ANOVA(One-Way
Analysis of Variance)} post-hoc LSD(Least Significant
Difference) test?S FIFI3lo] #agsted o, P<0.05 ki
QA& ARSI ES T

=11}

N.pk #&
1. Dopamine & #{l

Sample 7£<] base line dopamine 7 &> 26.9+19.8(100)
gMo] 2l 3, MCAO Hiflits F1, F2, F3, F4, F5, F6 ¢

LB O

dopamine Z &< %% 37024166.5(3386.611954.6).
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Fig. 1. Effect of Hirudin on extracellular levels of

dopamine in MCAQ ratsrats

The concentration(nM) of extracellular dopamine

at the right striatum of rats subjected to MCAO,

which was collected three times before MCAO

(baseline) 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<0.05, ## : P<0.01)

§ : Statistically significant as compared with sham
group ( § : P<0.05,§8§:P<0.01)

*: Statistically significant as compared with tail
group ( % : P<0.05)

290.2+137.5(3497.3+2272.7), 299.2 £140.5(3663 .3 =
2036.1), 292.3+152.2(2915.3+1643.0), 274.6+148.6
(32412+184.69) 2 238.6+135.2(2475.6+1507 2)M=.
F3+ saline 7ol B]ste] HEMP<0.05)3UA a8
u, T4 F5,F6S control o] H5to] AEIP.05)3)]
Al 728k th<Figure 1>, |

2. DOPAC &8 %l

Sample #£2] base line DOPAC 2 &< 562.4+59.5(100)
Mo 13, MCAO Jiiffi#¢ F1, F2, F3, F4, F5, F6 9]
DOPAC &8 %% 36841949(920+9.1), 5030+
27.2(93.0+11.0), 484.6+15.9(89.8+10.3), 504.7 &
14.8(93.2+9.2), 523.5+39.9(87.8 +3.3) & 5333+
37489835 ME 523 zpol= ¢l % tiFigure 2>.

3. HIAA &8 #{b
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Fig. 2. Effect of Hirudin on extracellular levels of DOPAC
in MCAQ rats
The concentration(nM) of extracellular DOPAC 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.
a) : Mean + Standard Error
Numbers in parenthesis are relative values to

baseline.
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Fig. 3. Effect of Hirudin on extracellular levels of HIAA in
MCAO rats
The concentration(nM) of extracellular HIAA at the
right striatum of rats subjected to MCAO, which
was collected three times before MCAO(baseline)
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:

Sample 2] base line HIAA & &2 2860.2+648.7(100)
Mo 3, MCAO Jitiftits F1,F2,F3,F4,F5,F62] HIAA



GES A% 1461.1 1664(68.316.2),1806.1 £1074(739
+8.2), 1776.6 £135.0(72.9+8.5), 1639.6 £175.8(68.0 +
9.1), 14194 +358.1(622+13.1) & 1427.0+349.7(63.0+
4 HMZE |93 2ol 219 U<Figure 3>.

4. HVA && %k

Sample F£2| base line HVA 282 1374.1£171.4(100)u
Mo} 22, MCAO fiiffité F1,F2,F3,F4,F5,F62 HVA &
B A4 9629+88.1(78.8+4.5), 11449+144.4(843+
8.0), 1130.9+124.6(84.31+8.0), 1097.5+102.5(82.5+7.5),
1031.2£1169(80.2+9.0) & 1031.0+118.0(80.2+8 4)M
2 F2,F3,F4, F5, F6-2 control £l v]sle] HEH:
(P<0.05)S) 7, F2 Saline 7ol Wate] A& {H:(P<0.05)3]
A Z7V8l5 B<Figure 4>,

5. Clutamate 4% %L
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Fig. 4. Effect of Hirudin on extracellular levels of HVA in
MCAQ rats
The concentration(nM) of extracellular HVA at the
right striatum of rats subjected to MCAQ, which
was collected three times before MCAO(baseline)
and six times after MCAQ 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<0.05, ## : P<0.01)
§ : Statistically significant as compared with sham
group ( § : P<0.05, §§: P<0.01)
+ : Statistically significant as compared with saline
group ( + : P<0.05)

Hirudin Z5gi0] MRS FRANDH ) MEEEWE mAs B2

Sample #£2] base line glutamate &2 25+12.19(100)
Mo 3, MCAO Hiflité F1, F2, F3, F4, FS, F6 ¢
glutamate &S £4%& 37.1%£1509(2172468.7), 300+
15.09(149.5+40.5), 26.5+14.04(149.8+52.0), 27.1 £
14.39(166.8+65.0), 33.5+17.38(236.8+58.0) ¥ 356+
18.55(21424+101 4)iM=E control el 1] &}e] F4,F5,F6
& HEMP<005)YA,F2,F3& A48 FEMEEP<001)
e A E H Y U<Figure 5>.

6. Aspartate && %L

Sample ££¢] base line aspartate 2 &2 9.3+6.4(100)M
0] 37, MCAO Hiffrf% F1,F2, F3, F4, F5, F6&] aspartate
SRS £&% 141£86(2102473.3), 105+74(107.5+
202), 103+6.4(194.2+99.9), 9.1 £54(151.7+68.9), 12,6
+72(1935+929) 2 124+7.1(1682+740)M= F2+=
control Zfol| B)3te] S A BP0 YA, tail Bl
kel HEHPD05)UA 7ashelom FA= control
B} tail ol Blsle] AEMEP00)UA ZHasHh
<Figure 6>.
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Fig. 5. Effect of Hirudin on extracellular levels of

glutamate in MCAO rats

The concentration(«M) of extracellular glutamate

at the right striatum of rats subjected to MCAO,

which was collected three times before MCAO

(baseline) 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<0.05, ## : P<0.01)
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Fig. 6. Effect of Hirudin on extracellular levels of

aspartate in MCAQ rats

The concentration(«M) of extracellular aspartate 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

a) : Mean + Standard Error

Numbers in parenthesis are relative values to
baseline.

# . Statistically significant as compared with control
group ( # : P<0.05, ## : P<0.01)

% : Statistically significant as compared with tail

group ( % : P<0.05)

7. GABA &8 #{b

Sample ££2] base line GABA &< 82+7.7(100)8M
0], MCAO Hifiitg F1,F2,F3,F4,F5,F62] GABA 4
BL &4 154.7+142.8(1940.0+£754.3), 242.6+224.1
(165004926 8), 161.3+133.4(1920.3+1485.6), 250.7+
190.8(1226.5+349.3), 279.1 +148.3(1689.0 £695.8) &
2389+1224(5720+2252)2 R tail Bl Hl3ld 4
EHP<OONYA 745t 283 control ol \| &}
of F3,FAc HRMEP<005)UA, FS5, Fo> AT HE
HP<001)AE FHAS H Y UFigure 7>.

8. Glycine && 8t
Sample #£2] base line glycine 282 31.4+15.9(100)M

0] %2, MCAO Hitifii#% F1,F2,F3,F4,F5,F69] glycine &
BY A4 492420.8(246.6+60.8),29.3+164(136.5+
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Fig. 7. Effect of Hirudin on extracellular levels of GABA in

MCAQ rats

The concentration(xM) of extracellular GABA at

the right striatum of rats subjected to MCAO,

which was collected three times before MCAO

(baseline) 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<0.05, ## : P<0.01)

§ : Statistically significant as compared with sham
group ( § : P<0.05, §§:P<0.01)

% Statistically significant as compared with tail
group ( %: P<0.05)

40.5), 30.2£159(223.6+115.8), 31.3£17.6(11.3143.9),
3624209(1450+373) ¥ 413423.3(124.6+£365)M =
3L il fEll vidted FAEMEEP<005)UA ZasHiich
18] 3 control Foll H]3te] F4,F6> ARMP<0.00D)3
AL FE ABHEP<00DUA Zrast5 th<Figure 8>.

9, Taurine &8 (L

Sample #£2] base line taurine & &2 19.5+12.0(100):M
0212, MCAO fiiffitt F1,F2,F3,F4,F5,F6¢] taurine &
22 &% 53.1+18.6(546.0+208.7), 429+21.8(624.5+
362.4), 42.0+20.4(523.5+256.1), 42.9+21.9(396.8 £
151.0),474+24.8(271.5+745) 2 554+27.(1924+312)
Z F62 control 2ol )3} HEMEP<0.05)UA A8t
% th<Figure 9>.
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Effect of Hirudin on extracellular levels of glycine in
MCAQ rats
The concentration(zM) of extracellular glycine at
the right striatum of rats subjected to MCAO,
which was coliected three times before
MCAO(baseline) 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<0.05, ## : P<0.01, ### : P<0.001)
§ : Statistically significant as compared with sham
group ( § : P<0.05, §8§ : P<0.01)
*: Statistically significant as compared with tail
group ( % : P£°0.05)
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Tail

# saline

Ml sample
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Effect of Hirudin on extracellular levels of taurine in

MCAQ ratsats

The concentration(¢M) of extracellular taruine at

the right striatum of rats subjected to MCAO,

which was collected three times before MCAO

(baseline) and six times after MCAQO 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<0.05)

Hirudin 88801 BiR NS HRA 7S WEGEZEWE rAe V&

10. Tyrosine && %k

Sample #f:9] base line tyrosine & &> 9.1+4.7(100)M
o] 7, MCAO Hiffgts F1,F2,F3,F4,F5,F69) tyrosine &
B2 A4 148+59(275.7+1249),9.6+53(2165+
128.5),97+£56(1020+162),21.6+14.2(1162+473),10.2
+5.5(146.0+45.0) X 145+7.7(105.7+£255)Z control £
o u]&ted Fl,F62 A =ZH(P<0.05) 94, F2, F3, 5+ @4
3 HRIHPO0)UE HAE B tFigure 10>,

11. Alanine 4& #{b

Sample #£2] base line alanine &&= 33.1£20.2(100):M
0)9) 2, MCAO Hifigts F1,F2,F3,F4,F5,F69) alanine 2
HE A& 637+288(364.8+169.2), 57.5+37.0(1143+
23.6), 54.1+34.5(238.5+109.5), 488 +29.7(131.8+42 4),
82.3+53.1(200.8+87.0) ¥ 97.2+64.0(267.51£120.6)%
F2, F4= control #Eof Blste] A RMP<005)UA Ha
599 TheFigure 11>.

1200 +

Tyrosine («M)
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Fig. 10. Effect of Hirudin on extracellular levels of tyrosine

in MCAO rats

The concentration(«M) 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.

a) : Mean + Standard Error

Numbers in parenthesis are relative values to
baseline.

# : Statistically significant as compared with control
group ( # : P<0.05, ## : P<0.01)
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Fig. 11. Effect of Hirudin on Extracellular Levels of alanine
in MCAQ Rats
The concentration(«M) of extracellular alanine at
the right striatum of rats subjected to MCAO,
which was collected three times before
MCAO(baseline) and six times after MCAO at 20-
mins intervals in rat and analyzed by HPLC.
a) : Mean + Standard Emor
Numbers in parenthesis are relative values to

~ baseline.
# : Statistically significant as compared with control
group (# : P<0.05, ## : P<0.01)

N. & &

A BERAM AR Add 2t A 55
gotedl Amele e o83ty ATk KiES K
ER A 2l 3} | Hirudi nidae)ol] &3 RETEIH 15 4%
(Whitmania pigra Whitman)Z A2 (’k# : Hirudo
nipponica Whitman) 2 #IZE 15 i%(Whitmania acranulata
Whitman) 9] ¥ #§gso|m, Eokig, BIE, £&o 2 B/
T AP RS /MRS BRE EEEESE ARRS
E NG BRI, BORERS EFo] oA B
FEYR, MFFEH, BATIEG S T33P,

718 BIo) oskd ke fOkmE 59 Mk
fES] AN A FWe ¥A W<, Fibrinogen &, PT
(prothrombin time)o| X FEM: U= EIAE BIIHL

™ FDPE oM ARMel AHHA %}Iﬁ‘r Nl
& el 3 ﬁ%ﬂéJ ABEHE dYHOoR 7793
7] skl kS HEFEE AE s, —TLE =E

Fibrinogen &3} PT= BEIE 2 /KIE 1R8N B5F &
Bitol AAFHA pEE 2 AES MAES IHT=Y
of #HH Yehte mimE, Bk LE, LR A
2 EMERE 59 dis A8 aRFoE S84

o]N
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T AL STk

KEESEGE Rkl e BB MEES
endotoxing FPate] FEAZ MARENN BEEF
dadTe B 313}04 A8 Zaspon, K
SRS 2 RLEEEY T Bl teto Friet

% %]

T A% Yeidled, 58] KERFHS AR
T 37H Uehliddy stk
KBS FAEQ Hirudin® 3]3F-0]4 & 24 o=

Aol 4 FAZILE AAG = H 2olH, Fd
FikmRES dY 9 XNE 5 2509 mwistE Fh
EAE O ARgo] AEHY TP, Hiudind o E24¢1
MAEERE By heparin BTt 3044 3 Ao LAHSA
o, @AE KA Azl o3 thFAtol 7heet
TP, A9 Hirudin 657§¢] opv]:eito 2 4o Sl
o, A% 7kD Fxolch Hiruding] #-8-& Ff3

Gl A %"6& Q&g 3t thrombing A& 2o
E A5t Al&stA EA3ALE AT B A
A4 gl 2 3(disseminated intravascular coagulation)

o BHARAE AAISH T F 2FVEE heparink
o A Jebdo®. vt A E 1980 th ¥
Hirudin®] /3380 thall %o] A5 gom» o=
AAME E7F Hiruding o]-&3 B2 Bt b,
JY FRIEEIRS AR SR del Hinding
o] &3k A o ik MmBfEN A Hirudino] s
EWE vAE I BT i oF7A gle
ARl

A BET PEelE st RS Bk EkEe
A2 otk gwe] RE 2 HEC mE fegsst
WE T BAEAE e Aotk hES AERFEE
FETEY fEolzt @ & YULBE, Kk § ‘I%EM“
HI S AEEC] JAE BERS REE BRI &
GHAES] Al whet PR, FEER, 15%@%, (ﬁ
Iﬂh% 59 BILE ZHET. olddlle Mgt st

I EEZE 'b) Wil W WAE BrEE] Rl
A SR DIVl 1R, Sk, BN ik, UE ok, ik,
R 59 e ke AT ¢ Atk

R 4E7 EEEmE S < 60714 HEo]
o, —RH 2 HHMEEWES VAR 48T F I
t}. Amino acid ELEWE-2 12, amineh+= T, peptide
e MAS B 4p4E3H) 443 amino acid 2= Glutamate,
Aspartate, GABA, Glycine, Taurine 2.2 WZ {Ef&
Vel = ionmt (EEWE )Y, M MR ARGl

rr



Mo %ISR lkslol 9 FHo g
P B WHHECR fRFS AminehE ik =¥
fEf= ot Ra#irt (2ol s, peptideie o}
A g fReS WA ko, SR ) 1%
#le s1% st o ISEEE Y MRS )
T JEE ZEE s= s

TR O 2 IR M TSR e fs
EFE o7l Em % o2 energy A3 HEEA
G ] AL pEEC) B9} Aok mikmR
& —Ero] KBS fRAEo A R B M
f Bkel #e Ao g & .

JErladify B S) SRS A R mAy
o] FSRE RIREEZE =1 MRS Zeatto] Hks)
o] #BEA Na*,Ca*o] jHAH L, fHskol Kro] Hp
S Bisri(depolarization)Bifke] ooy, b ik 7t
6-8mL/100g/min®. 2 =™ ATP7} &3] jhHRd L, 4
07F Beftslol 4= AIZF Tl fligy B5EE wx
o 53] Krebs cycle?] #3459 Glutamate, Aspartate
ob 22 BN RS N SRS
WEAA Nar} Ca*g fiUAZE HASHA st JEars
Q) MRS Lo Th MU E Caro) =™ 41
ffsie] KR (phospholipids)S Hif#al= phospholipase
7F EMALE T Y] IR ) WA e Cav iEiE
ol JUfHo] WEFTZ o= JEly JEES W=t
of {(AhEiZol M Q) free radicalo] HHL Ho)
BB $R, BERIGE) #H], prostacyclinE, 1E 5<%
Aotk B MEES #HEE 2o 2y HEE
K4l NMDA(N-methyl-D-aspartate) channel 2} B2
glutamate 527748 EETRIE A= ol7kA) A3}
A HEANR Ca* AL Ml o] ox ox
Aom, Azt R mE M) Hxb7) ppEsE= A
o LAATHERE R MRETT A Holx AS »
- S T 4 A B

IS 5 7FA) R EFLay) B0 R Esls
dl, A= MRS Qdstel Eekel mbE ghigo)
KETE Mol SRS MUl fEe dluA 4iEE
2ol Sl 2 MEufCHe #MLE WkITHE Aotk &
U B mEW ] S22 RS MR
B BRE e 2o oML, MRS REXA T
A AR Ca* AL EErslAV olUw s
T R EEE S ETOZA IS o508
FE HsHA & QI A RS lthe i

Hirudin 280) M FRANL S midEmEs nA s pY

7b Bob & BES 3 ATk

EitE MR sk BEE modeld T
37t dE=H, global ischemic model} focal ischemic
model 0] Sith 288190 IS S mll #5E
WIS #ikste Hiks) Ml MSEENR 2 HEEES)
Ik B¥E #kste Aikel e, o] Kk Mk
M K3 S EE T2 HE IjEe] Wre
HEDTE o, A B B Eme FHEAYE
HES WATstoh el B gl Hexos
B R Wl geshy) B Jensd: B
MR O 2 sl

A BES PRIEEIR PAE TS rate] £ B
FE L striatum 2 HEE HYEEWE F mono amine?]
dopamine, DOPAC, HVA, HIAA$} amino acid¢l Glutamate,
Aspartate, GABA, Glycine, Taurine, Alanine, Tyrosine ] &
%Z microdialysis 2 HPLCE FIfste E& 2H78H
&% 8ukeld MEfES HE H50 2 sted MCAO i
LR S0 204 7+4 92 344 microdialysisE sl
sample2 FE}S] 21, MCAO # 21159 204 7+-4 0.
2 6217 samples Husted MCAO FifE thi s#frst
At

Dopamine< amino acid$] L-tyrosineol] ] 2+HE-o] x|
o] & A tyrosine hydroxylaseo] 93] 7}E-a) s o] L-
dopa(dopamine ¥4 ¢] AFE4)7} =1, L-dopa’} Dopa
decarboxylase®l] £]3] Dopamine© Z decarboxylation¥
t}. Dopamine2 Glutamate2] NMDA receptore] o &+ 2}
o #AA s Glutamated] A 5488 2H3T)T
A dom, o8t FAE microdialysis HHE o
£-3}1 global ischemic model#} focal ischemic modelol] 4]
AE2le] Dopamine #o] A Z743H9T ole)ah
F7IE exocytosis 57 AFT 2¥W  ASiAbY W
SR opZ|H TP H7M Y] A= 7ty 4717 Y
A9 4B} 310w AL Clutamate T ¥
744 Qe vl#ste] Z7hghch.Dopamine?] A5-E
A4 A Welsld 27kt Z7H4EE Gliamate
o wate] wETP?. ]2 gt Dopamined] §AT F7h=
MCAO F=R 4ol 2284 ST dxet
BA 7 hom, 53] s1EA HEFA] Dopamine> 2|
AR S 2 AARA REE AT Sk
Wik 225y F4E R vk ojuel adenylate kinasel}
creative kinase 722 tjAtR Ao 5244 Holo & 4
ol Hs{do] fdd F oAM= dopamine?]
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B A7A A28

FFE 0874 F7Ht 1 o]F 5 A 9
Ade U8 EIY4E dASFHT. A BEAA Bl
1S FHEAIZ #% dopamine B3 BZESH R, EHE
ERES BEEF i AREds A7 BEEHY
Hirudin o] M MILE HIdtes HiEe
dopamines HAAZ o] Fo|AE ALZ AAXNY Ao
E o B2 997 988 o Agddn

DOPAC3} HVAE Dopamine?] tAMIEZA A ZY)
Dopamine 35Fe| A&2 AMEEH=H EEML § basal
levele FAGAY ZAd0Y BRIFHPOH? B A
ol M B Mol ¥ & BRI Ae] DOPACH HVA
o] FF basallevel o] FEAA 7t 7Ade 4345
B3t} o2 A mono amine?] Abslo] FHedl=
2291 MAO(monoamine oxidase) 43 9] 7tas} # o
& AR AZET A& BERAA MEns FEaz
% DOPAC 22 BItsh #R, BHUR B HIRAE
el AR Aozt BigEA] A%, HVA RS ¥
BArol ftal BEME 2717} B sic) DOPACS)
HVA= E% dopamine®| tHAMIESIH £ AFA
HVA 3] 9312 Z7bE 23} veht 9
Be A7/l 828 Aoz A7,

HIAAE 413} QIEAT0 2 A serotonin®] TjARHE 0]
ot A HIAAE 8 Wsh gAY Aty
A ded, B APdres HE o] fE F o
ZaolAe] HIAAS 3ol ZAasigih & HEiol Al
RS FEAIZ % HIAA 58S BES &7, %5
B B sl AREdE B BEER
gkol Hirudin Z&gio] JEmE MHE HE3l= Mise
HIAAE "7l Z o]Fojx&= 2 ofdA oz o
Be A7t 98¢ Aoz A7,

WEAQ AN MiEEYES Glutamate 9}
Aspartate©|#, 0] 2 cortex, caudate nucleus, hippocampus
el 7HY =2 EEE Y QTP Glutamate S}
Aspartater= hypoxiat} ischemia A}elol| A release7}
Sk, reuptake = i St=H®, M MA] Glutamate 9}
Aspartate7} ISR R Kot kiAol MR Bk
1BV S S SO R ST BES o
+H 53] NMDA receptort Glutamateo] &3t
activation®] HEfNE Ca*o] MIENE BESA KA
TR MIMESEYE dolua, RAEETECE free radical
o) Aol Hmso] BN i 2%E Jebdo
®.olB| g B E K3t 3yt 438 el
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U7l ARAE 24~T200H AE7H FIEE T NMDA
receptore]] 2]3F Glutamate9} Aspartate] /EF< NMDA
antagonistol] {3} oj2] Bl A KRN HFEAT ik
Hohs HE7 ATk & BEolAM MEmme] #FEE
% Glutamate9} Aspartate Z &S #1223 #3%, Hirudin 22
WEREIEANA WS AREEIT WA BEH
Glutamate9} Aspartate releaseS #f|A] 7] HA] NMDA
receptor®] antagonistZX]9] R ROl BIEE AL
T3 o B BT 288 AR A4dr

GABAT tiEAQ] #ifilt: iEEEEA striatum,
globus pallidus, substantia nigra Sl 7} @o] 4% o]
AT, fEE M 2 Mt GABAE E5EI Ko
S BT dO7A MlEAR CIe REakS BN
CBH)AIA AlYA pi %9 BN Glutamate 9}
Aspartate {HEWE releaseE #Ill3} 2L, NO(Nitric oxide)
S EET MRS BAMS KTAA MEE
£ stk @ 7E AATE A BEgolA M-S
FEAZ % GABA &S B #4, Hirudin 46653
JEES EEilAN 2382 7HAE o] Hirudin Z2540]
T MRS RIde 982 GABAE FEiH(LAI7)7]
HUhe Glutamate$} Aspartate release S i HEs 5
A o]FolA = ALE A HETh

Glycine> GABAS}F 37 HiiliifRoll A fEoE S
st MREEREE g2 ok, £3] Glycine
2 NMDAE #ifl|ste antagonist®] REIZ ALK &
ot BT fER] MREEN A& NMDA receptor 9]
antagonist X &S ok HwEO7E AT A EEOIA
lmme FEAZ % Glycines B%3 #5R, Hirudin
HEs RES BRI B il 234 FR
AT W7t BEE Ak o)+ Hirudin 5% JEEA
Glycine> NMDAE #Ji|5}= antagoniste] 13812 31
xote Ao E AlHETh

Amino sulfonic acid¢] Taurine FiES] HHHEA
Z gelAd Ak Taurine'= GABASL &7 il (Hi%
RF 2 HES AT Zeet wils okd 2 <A
AR ok ook LR MITLSRECIV TSk oM
o] BEEAL W Taurineo] MRS o] EES
&HES dohe #HEe Bt (W F 2kl Taurineo]
Ca* MAZ WAANN D= WM& e mks g
amino acid2 [K3} Ca*o]o] MMINE Wo| A A
HiEREE dor)e WERES et wE7t
VAT & EEEAAM MBS FEAZ # Tawine F&
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Bixet #5R, Hinudin 84S RES EiidA 2
38 7-AaE o] Hirudin Z8g%0] MémE e Eoste
P2 Taurine2 wj7) = o] Fo)A& AL obd 2
A E

Alanine2- ¢! amino acid 241, kynurenic acid Zf#EE
F#9l kynurenine hydroxylase®] #flB=Z {EH SHoH.
Kynurenine- tryptophan®] RFEMEA Bhpe] Kol
Uk, kynurenic acid®]  jIEEYE o ok A i i
dialysis probe £ 33}l hippocampus @} parietal cortex ol
AlanineS EESHE BHYE ] kynurenic acid & & ©]
= o] glutamate receptor©] fEHHEA IS Sh,
kynurenine hydroxylase ] #i 442 %8-& o A
AR RG] MHIE AT S @8] Alanine
M WSEEREE FRTE & 7 dth & HER
ol A Mm-S FAFEAIZ] 1 Alanine 3 8-S BT #54,
SRR ER> B el 231 aEel Hirudin
geggo] IS S RS st #iE Alanines vj7j
E o]FoRE A2 oid ZALE AHETH

Tyrosine-> hippocampusf{i7l] Tyrosine Phosphorylation
({2 Fasty Jde=d, BWEMmE: Tyrosine
Phosphorylation®] Phosphotyrosine . % ¥ +<=4| Tyrosine
Phosphorylation®] (EHELE #0fItH HES CA«st
CA®) i IPE Tolra, 53] Mo —& ¥R
o MiftE —FHHSE SEEEIRTHE Tl BERAIZIE
el = Fehl e Eiol vheRA] 2tk NMDA receptor
o fkall —seififo]l A JgEEMl BT Tl
155 (delayed neuronal death) 7} Lol ydttt= 29 E @3l
Tyrosine-> BUEETE HCEEME R EHTE < 5 AN
ohoA EEOA MRS AR % Tyosine F &S
Blzist #53, Hindin 26648 &S EEHAM AR
b 7b 22 E] o] Hirudin #440] Tyrosine Phosphorylation
¢] inhibitor2 X 8] {ER mREMEC] BZE oY o B
- A7 28 ALE gAY

LI EolA AHE uiel 7ro] Hirudin 44§ mono
amine$! dopamine, DOPAC, HVA$} Glutamate, Aspartate,
Glycine, Tyrosine 5ol A Aol EH T
JEIGRE B BT RS Bkl AIRE 5 3l
< 08 BEd
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