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—Abstract—

Pathophysiology of brain ischemia is characterized
by a complex cascade of hemodynamic, clectrophysio-
Togical and biochemical processes. It has been general-
Iy accepted that glutamate medites the ischemic brain
damage, excil and induce

NMDA receptor antagonists, DNQX(30 uM), a
Kainate/AMPA receptor antagonist, or carbetapen-
tane(30 M), an inhibitor of glutamate release.
Fluoxetine, a selective blocker for 5-HT transporter,

release from various brain tissues in ischemic milieu,
In present study, the mechanisms for ischemia-induced
[*H]5-hydroxytryptamine(5-HT) from cerebral cortex
slices of the rat was examined. Ischemia, deprivation
of oxygen and glucose from Mg2+-free artficial cere-
brospinal fluid, induced significant release of [’H]5-
HT(7.22:0.6 % of total tissue content) from the tissues.
This ischemia-induced release of H]5-HT from the
slices was significantly attenuated by TTX(1 uM),
Mg2+(1.2 mM), MK-B01(10 M), ketamine(10 M),

ARAAA F O @
ekt slshet 473k ehaa
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inibited the ischemia-induced release of [*H]5-HT.
Omission of Ca2+ from incubation media potentiated
ischemia-evoked [*H]S-HT release and the inhibitory
effect of blockers for transporter. Dantrolene (30 M)
and ryanodine(100 nM), inhibitors of intracellular
Ca2+ release, flunarizine(5 pM) and -conotoxinGVIA
(100 nM), inhibitors of N-type Ca2+ channels, signi
cantly attenuated the ischemia-induced release of
['HIS-HT, but verapamil(5 uM), an inhibitor of L-type
Ca2+ channels, did not. Fluoxetine(100 nM), & rela-
tively selective S-HT transporter blocker, significantly

T ARG el ARG,
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inhibited the ischemia-induced release of [H]S-HT.

These results suggest that glutamate is involved in
ischemia-evoked ['H]5-HT release, and this releas is
achieved by Ca2+-dependent exocytosis and reversal
of transporters, and can be modulated by various neu-

H B

¥ HEe ¥ 24 RIY PaE A8 AT
g ERge] FFol 98K 2gezA AZd
ATPS nZ& #8342, ol W Na-K+
pump, Ca*ATPases AARSEH AXy| Ca
B Na' $5& 37712, ¥ AEY Kr $58
F7A ALe] FEFE oA g of e¥
& glutamated ABAEAH glutamated) F
A8 #98 dor] FE 54 (excitotoxicity) &
FrdtstA Eo}H(Choi®t Rothman, 1990). f=lg
glutamates B QF F AZ] EAshe 4 7t
A glutamate -84 (NMDA-, kainate-,
AMPA-, metabotrophic-4-8#, Mognahan,
1989)} #gsted AR F ARAEW Ca*h Na'
FE M e 2 £98% ded o AT
FHHL Qe AR A= A4S RN, FW
AEY Ca5Ee| F7Hs PKC, PKA, phospho-
lilases, calcium-activated neutral peptidase
EE DNAse5S @48sta o2 98 Az
&4, DNA®) £, prostaglan-dins®] #zlel &
& oxygen free radicals® 377} dejutz,
mitochondria ¥ Ca®* SH¥32 18] oxydative
phophorylatione] ¢iF|=|e] ATPZe] J&Ho]
AT AR F50) 2P AR YA AT
(Hara %, 1993).

o g me o &4 FE 7180 glo} oy
A7 A% §@Fo] Bejge] Hase] ok F,
Zervas%(1974)2 4874 #YHel4 dopamine
(DA) @l ZaHm, Welch¥ (1977 & cate-
cholamine} 5-hydroxytryptamine (5-HT) 52|
F=r %90 3193, Adachi $(1991)€ Fh
]§%e] H44] histaminest monoamine®] A}
7t MFEG 89 catecholamineo] ¥ <) ¥

ronal mechanisms.
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Qo] WAREG AN B WY X 9
oA i el FRe) 43 A% AT Ax
SE 93E uilel daAA ok &, 6-hydroxy-
dopamine® 2 nigrostriatal DA% 417-& w35
AHGlobus %, 1987; Lindvall 5, 1985), -
methyl-para-tyrosine (Weinberger 5, 1985)
A AARE 9 WA HE S50 GARe] B
290) DA 38 48 ABAlE Roz I
A eH, Busto $(1985)€ norepinephrine
(NE)ol 9194 ¥ 4l 38 2005 e,
Blomqvist 5-(1985)€ locus coeruleuss] NEA
A7 gae] e APyl A%EE BAS]
NE°| el ua 2s ma§ et sgst o
YA 5-HT) 98] Held Welch §(1973) &
5-HTZL ¥ €48 52 d3in sged,
Bode-Gruel $(1990)¢ 7 %% 3b} glekx
Foigdch. e gl A% 5-HTHAE A
4% (Kondoh %, 1994; Damsma 5, 1990;
Sarna %, 1990; Decombe 5, 1993; Richards
%, 1993)3 synaptosome EE(Santos 5,
1996914 ¥ € vk ot 3 42 F1de) B
A Base] gA et

T 2 ARAE A8 SOl AgEl 3
Wi 04 974 (Brierley, 1976; Pulsinelli,
1982 Ginsberg, 198514 ol ¥§lo] 1A=z
EAISR: (Steinbuschst Mulder, 1984) 5-HT#
ol U Hee) IV} 2 AE FEkuA
sk

A AE Uy

A4 FEEe 4 9 (Sprague-Dawley,
200-300 @) & AHgSHAT.

HAE GRde ME A2 Of, Oi¥ A3
welgle] 242897 Mellwain) & AH88t] 571
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250 m2 FPO2 AW AAE Adsaek 2
Ve 95 % 0% 5 % COE EFAZ AFHAF
< (ACSF) (124 mM NaCl, 5 mM KCl, 1.2
mM MgCl;, 26 mM NaHCO; 12.5 mM
KH2PO4, 3 mM CaCl2, 10 mM glucose) 20
miol]l $7 plastic transfer pipet® & Fgsle] 2
3 ARRch AHGE 2P 37 cold 1583t
15 nMel [H]5-hydroxytryptamine (10-20
Ci/mmol), ZAstel 20 n ACSFIA w3t
o dloFE AHE ACSFR 38 ARsigeh oo
A¥ $9(400 1, £% 15-20 ne)& nylon mesh
& B¢ 24 well tissue culture plates] &7 2
] ACSF &9 (washing plate)el &7 583
BAF e, glucosest MgClLE AF 2 mel
ACSF 8¢ (resting plate)ol4 5 ¥2b BH 3]
AARAFE Tz, oA BUE 95 % N2 + 5
% CO,2 FA121 ACSF 2 ol (stimulating
plate) ol &7 583 WA (FA F A2
30~40 mmHg) st FHIS-HT#ES S48
olF 24 AWL 0.2 N HOLgAo $7AA 4683
Aejste] 220 [PHISHTE F&3sich
- NPY FEES AYA Z$ washing, resting
# stimulating platee] Feisiglw, A9l B4
resting 72)3L stimulating plates] F<jstsich,

BAFse Fe 7 welleld 500 wd A3 4
ml vialel @3, 7]e] 2 m2] counting cocktail
& 718l Bcounter® 2 ST

HY AT 9 4% A= 2 /s HY &
Fol g8 28 473 A= Ede) PN K
HAFE AR 1T F WE) 43 A% FIFe
2 bre] 2 MEgE EASET 8@ dEe
7t AgelM 48 W HPein, 24 Age Ha 3
3 AABA

ol 49 4He ANOVAE AHgdle £214
& AgsAA

a4y 45
. Al SRl Al elgt [HIS-HT
el '
BA gy HFGA g TR Mg AT
BeelA 5 ¥} HB Ao o3 oy M 2

Hu F PHIS-HTY ¢F 6.5 %l @she foig
#AE BReH, A ALY AFAdg [HI5-
HTS f2le 9299 1.2 mM MgCl, =& 10
mM¢] glucosei7bel <la) 223 <A =9t
(Fig. 1.

£ Q7MY ATl A 22 A% Ed9
#¥°l axonal firingge] $UFEA 7]
Akl ALGEAN Na' 28 Fste
tetrodotoxin (TTX) (Singer, 1974)¢] 9%& A=
sl @ o SR 49 [HIS-HTS #9 TTX
Azjel o3 249KHFig. 1).

O cowmor

I+ 10mM Glocose

B i
@ «120MMeC),

FRACTIONAL RELEASE OF (SHIS-HT (%)

. Influences of glucose, tetrodotoxin (TTX)
and MgCl; on the ischemia-evoked release
of CHI5-HT in rat hippocampal slices.
Ischemia was induced by 5 min of hypox-
ia in the absence of MgCl,.

* : Significantly different from the con-
trol value(p(0.05).

=

&8 xS0l ofgt [HISHT Falof chet
Glutemated 217 =g ot@el J&

gl & o £3E acidic amino acid?l
glttamate(Glu) 7k 34 €2 #W, Glu $84
7Heul NMDAS8A7E 32 o1& WiAge & ¢
#AAchChoi and Rothman, 1990). wWepq &
ATIAE HE 43 9@ 173 A= 839 f
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271 Gludl 9% AUAE Lotin, o] HFE v)
ZAshs 449 BE 7] fldtel NMDA 584
< AEE AYAA Mg* Mayer T, 1984), W7
A% YA MK-801(Wong 5, 1986) 7 ket~
amine(Anis §, 1983), non-NMDA 484 2
FAQ DNQX (Fletcher F, 1988), 223 Glu
#% AAY carbetapentane(Annels ¥,
1991)9) 9%¢ AR

WA b 5 AR HE AFe] 9 PH)
5-HT9 #2& Mg", MK-801, ketamine,
DNQX T carbetapentane ¢ Hele] 28]
A3 AAFRE vt ol & Aol [HI5-HT
< /27 Y AT 3 fe9 Glud] s
2 #-go] NMDA %= quisqualate/kinate 4%
AL F3e FELE NAETHFE 2.

O covtmo
B -
B+ omcseamie
M +somemmox

FRACTIONAL RELEASE OF PHS-HT (%)

Fig. 2 Influences of blockers of NMDA recep-
tors, and inhibitor glutamate release on
the ischemia-evoked release of [HI5-HT
in rat hippocampal slices. Other legends
are the same as Fig. 1.

. 3@l X100 ot PH]5-HT S2loll oiet
Glycine®| g

Glycine& NMDA%§4¢] positive allosteric
modulator® #-§8te] NMDA®] £348 782
o ®msle] geh (Johnson I Ascher, 1987).
@] B APelA {84 [HI5-HTS fale]

NMDA 847} #oidhe o2 Alggo] o]
£l¢ PHI5-HTY #ele] i@ glycines] 98w
glycine-sensitive sited] A2 Bz
DCQX (Yoneda®h Ogita, 1989)¢ 9%& e}
gk APl 47 [HI5-HTS fele g
glycine 10 mMe} EAA felshd F7=I9e,
30 mM DCQX AZe] 248} FejshA A=A
B8 glycined] &)@ FHIS-HT #2 39 e
DCQRX A Azjel <Jsh A=A} (Fig. 3).

O covmoL
& +0aMGiene
W +30mMDCOX
2 +DCQX and Giyeine:

FRACTIONAL RELEASE OF PHIS-HT (%)

E

. 3, Influences of glycine and DOQX, a
glycine-sensitive NMDA site blocker, on
the ischemia-ovoked release of PHI5-HT
in rat hippocampal slices. Other legends
are the same as Fig. 1.

=

. B8 X=F0) 28t PH]5-HT F2lof ohet seh
2JEY Ca*-channel BFet MZL Ca
wel ofmFe g
2% AT A% A3 A §A9 fe9 S0

A& £4e QolA AE Ca'e 3] Fad

QL 2 Agel & AN WA & EF

oA 8B ATl AP 47 A% A Kol A

voltage-sensitive Ca” channel 2A|A1¢l vera-

pamil, flunarizine (L-type) % @-conotoxinGVIA

(N-type) 22lz AW Ca*fEE Ashe

dantrolene (Frandsens} Achousboe, 1992)3%

ryanodine ¢ $F& AEsgITh
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A o AFelA HY AF] 2@ PHISHT
<] fele verapamil (5im) o] Jstels QR &
$k3, flunarizine (5m) % @-conotoxinGVIA
0. Lim) o 3] AR AU Fig. 4. 22
3 100 nM ryanodine¥} 30um dantrolenes] <!
AAE fol@ F2s BARFig 4.

coNTROL
+100M 0 Camotssin
+ 100 M Rymodice

+30, Dctrlene.
=5 M Versgamil
+5 M Flaszine

EmED O

FRACTIONAL RELEASE OF [HIS-HT (%)

Fig. 4. Influences of calcium channel blockers
and inhibitors of intracellular caleium
release on the ischemia-evoked release of
PHI5-HT in rat hippocampal slices.
Other legends are the same as Fig. 1.

V. si® RS0l ofet FHIS-HT F2lol chigt sft
4uf Z&el At Amine Transporter
Blockere] ¥%

A7 geold A4 Ax 239 f¥d ol
F 7K Az o 71A &, Ca-AZ¥ Catv)
EYe] glon, HPAE AE ol dAbe
Bigow Q8 Ca” vleEY fel7t dojdel &
@2 A 719 (McMahont Nicholls, 1991) & 2
oM Ay HE AFel % FHI5-HTS
frelel] e fluoxetined] I A=k 3
AFel 2@ dix Adeld PHIS-HTS f2& 5
HT transport® AsFo2 AsHe fluoxe-
tine(Lum) <] ]3] A AN (Fig. 5). &4
Ggell el AAA Yol €& PHIS-HTS]

FRACTIONAL RELEASE OF PHS-HT (%)

25 M Cacham. 0 mM Caeium

Fig. 5, Influences of removal of calcium, TTX
and fluoxetine on the ischemia-evoked
release of PHI5HT in rat hippocampal
slices. Other legends are the same as Fig.
1 *: Significantly different from corre-

sponding control value(p(0.05).

Fele % B0, fluoxetines] AA 3
A S

I eb

2 A7 NED Y AFL 94 g F
2 294N <% CHI5HTY #2318 #2340
ox, o2& HYe) &3 Clutamate #2 34
Al, NMDA- %% non-NMDAF-§4 dAl |
# 4A9A

o el 93 47 A= F fele] A7 2
A AN 48 Ee N@S) 490 FHAD
e v AR 2¥e 2 U FEE s 9
o & olg, Jla el eE L 4 2B ¢
F 513, HEB o] gon Fgo] P AX
Aedel A2 T 5 glon, ZAW 4P Bag
AHAAE AHgIA Rek= He Felth Tz <]
A FPeIE FTen A A¥-e] AFE A4
W oAgg 84 olF4An sig Kondoh ¥
(1994), Damsma ¥ (1990), Sarna % (1990).
Decombe ¥ (1993)3 Richards ¥ (19932 4
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AW FA(In vivo microdialysis) & 143 49
A AEAF TE APA g5 KU DA
AA A HY FeelA 5-HTY #2188 2udigle
U, @AAA 28T) 9oz 398 vk gk
£ Qe 94 oy 93 duosye HE A
ol =% FHIS-HTS fele TTX, Mg, MK-
801, ketamine, DNQX %=

$(19929 1993) & M4 AzAN #8e) dopa-
mine ¥ £} -conotoxinGVIAS} isradipine
o o8 A9 BB HWA DAY U3 &
2390 9% Ca®sl AT $51°] N-type T L-
types] Ca channelse] i@t STk & A7
Sl4] L-type Ca” channel A4 22141 vera-
pamils Ag 98 [HI5-HTH

< Rele o A% JAAQG. TTX (Singer,
1974) & voltage-dependent Na' channel& 94
s EEA B dTFA TTX7 88 98
[HI5HTS /28 9A% 48 9l [HI5-
HT % &3] voltage-dependent Na' chan-
nelel @43} RS dnishe Relth. a9z
4 Ao 9@ PHIS-HTS @7k NMDA
£A9) ANF RAY Mg (Mayer , 1984),
H7ZAR 2gAN MK-801(Wong 5, 1986)%
ketamine(Anis %, 1983), non-NMDA 4§
2%9x9 DNQX (Fletcher 5, 1988), Zejx
Glu #2] AAAA carbetapentane (Annels 5,
1991) ] 5t AE A& FHsHA, & Agel
A HBATF 28 glud 21732 depolarization
o] Mol of WA gt s, FHE
glue 5-HTA AZAR EA5e NMDA- 22
2 non-NMDA 8¢l g3t [HI5-HT<
#elE dogE AAETh

@@ & a7olA HE AFl 9% [PHISHTS
#HE verapamilel e FFLA B3,
flunarizines} w-conotoxinGVIA®] &l#i4 @A
3] JAANAT). 23 ryanodinest dantrolenedl]
A FrolsiA FaEich

o) o AER £ Ca” FE9 Fhe A
d &9 783 8oz WHAL o (Siesjo,
1992). d¥tRo R ARAATN A7 Ax Ehe|
S2E 22F, veratrine EE A7IAFE F £
Aol 3 AZS] Ca™el #4ol HE AZH Ca®
FEe 7 o# HEHE Ca™-olEY exocy-
tosessh A ES] Ca*s=el F33h felde Ca™
HleEg Rk ghge] LAY AB2ANA
@ g3 9F Ca'd #9& FYS Bx ASFH
€ %2 L, N, 282 Pl A% 3 typese] Ca”
channels® B3] o}folxn glge] Base] ek
(Tsien 5, 1991; Miller, 1992). #2 Ooboshi

2o i) N2 D& 9%E 2tk Flunarizine
& 22 J94% Na' channelol B &sto] gl
oA verapamil® Hel7t Sigel M3 (Nayler,
1988) =) sl o, ® AN HY A
[FHI5-HT#e7 verapamile] 2isiie 9324
22%kent flunarigined] S84 felelA 48
AAL Pk 0|2 F Xold] VAT Ao R F5E
©. 282 N-type Ca® channel AA -
conotoxinGVIAS] €18} #@el ejg [HI5-HTH
27h 4418 AL dopamines] sk el HEA
#2=E N-type Ca” channel & B8 Ca™sl §
Qo whe AE Ca %) 7Pt (HISHTY
#20] BARE ANET A, AER Cat
9% A3 dantrolene(Frandsen® Achou-
sboe, 1992)% ryanodine® ¥ Aol &%
FHIS-HTS #2818 #espl dANRS 884
©| synaptosome it AW ERIA glutamate
o fe F2 Ca® WEY J@vhe 2
(Minc-Golomb ¥, 1988; Pin® Bockaert,
1989; Bernath% Zigmond, 1990; McMahon
%, 19899k i) A vi TN glue} AF
=40] X2 Ca*s=e FRH, dantrolenec]
<Js) A9} 3 Frandsen® Achousboe(1992)
o) B2z @ o), o] 94 FHIS-HTS
ol BUHE Cao] AE et ohizt AZY
Azol ] {2E Bt o] ol AAHITL

& A7elA 2 ATl g i AAAA
[HI5-HTS $21% fluoxetine(100 nM)e] 23
AAE AA=HNE, FFAN 2ES) AAX AP
CHI5-HTS #2) &7 o 289em, flu-
oxetines] 94| A% A FolHgc

Ca” 9%¥ exocytosest ATP7h Baols,
voltage-sensitive Ca® channel A4 Ex AE
9 Ca"g AAAN &7t 2, Ca” WA
fele diAe) AS Ca"9EF exocytosessh PH
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A vehde AES ATPF 228 gedsE A%
9 Welel Na'el $E7u7 goiAlms b 4
7 vebdel wmHe] Yo s

< MgCl, glucosed7h E= TTXA2S] <o
243 gA=gen, MK-801, ketamine,
DNQXE: carb £ Rl oI5 @

Nicholls, 1991). H¥3est Ca* ¥y 217
A= 89 Rl 42 (Schomig ¥, 1988;
Carlsson 5, 19873 3¢ T¥(Russ 5, 1991)
4 FFANR, bovine adrenal chromaffin
cell(Dry ¥, 199)IA% B3 w gl
Catecholamines®] Ca® W28 47 A= 829
FPE F2 amine transporter?] Aol lgo]
u3ige] glov (Paton, 1973; Raiteri %, 1978;
Parker¢ Cubbedu, 1986; Hurd$} Ungerstedt,
1989), Gustafson 5(1991)& #|¥e] =)@ 5-HT
)7k desmethyimipraminec] & AR ¥
e} #WAI] 5-HT f2loll transporters) 9
Aol <@ F2o) &E AN # g 2
he ol® no W FPshe Ao, FgAqY
2] AAA Yol FHIS-HTS #2) £ of
@ fluoxetine®] JA A FdE e o B¢
PH]5-HTS] 2] %77} transporters] 28] 7
o] AP S AL

¥ AFIN 2oiR YA E FUNA, Y] 9o
@ PHI5-HTS frele S8l 2)g glue) fajo)
& NMDA- %+ non-NMDA 4-§#¢] 93}
ol gtE, 1AM Ca” &Y Ca” &R
#E7E FEHH, Ca” e A4 T 2
HE AFAGZNE FU% AT A2V
Frelol Sls) ol el & AAT

4 B

s #¥A) i monoamines] WA} W ES)
", °| monoaminesel i3] ] &4e] Fwob
FFE Lgol Haso] glevt, $WUA 5-hydrox-
ytryptamine(5-HT) 9] 2l 7120] SelAle 24
3 i vk goh @ ATE WA e BN
A Y& FUBHe olo] wE [HI5-HTS)
#2718 iAo FIF Aol

WA ] el gy TP Mg AR
AeelA 5 w3t HY Aol e 2N 3
CHI5HTS % 6.5+0.6 %9 H2ld nRgon,
olH® 89 Aol oI% [HI5-HTe #ele 9%

A3 A=,

A%l 9% CHIS-HTS fede 229y
glycine 444 #</3h F7h9R25, DOQX A
el 28] flsl S DY glycinet
@ PHIS-HT #2150 &3 DOQXAR 9
A5,

#%el 4@ PHISHTS #2 verapamile]
el 9PRA BR2, flunarizinest -
conotoxinGVIAS] S @Asl elAgHes,
ryanodinest dantrolenes] SSAE f9I% Ba
EErey

9 AN CHIS-HTS fed: 5-HT
transport}AA1Q) fluoxetined] <18} WA oA
990 B8 9PN Be) AN Rl @
PHIS-HTS] #2le 9% 28990, fluoxe
tines) @Al £3% & FULAcE

el AY AAE WA d¥ oA AP
<18 PHIS-HTS) frele glutamates] F2lol o
€ NMDA- =& non-NMDA §-84 2430 9]
oW, 2 718e Ca* €Y Ca HEY 79
7k g6, Ca” A2 A% FUDE dEe
AZYAo2RE U3 ABY AFazve f2)
o <j8) 0| FoiAE A,
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