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ABSTRACT : Many factors are known to be responsible for cerebral ischemic injury, such as excitatory
neurotransmitters, increased intraneuronal calcium, or disturbance of cellular energy metabolism. Re-
cently, oxygen free radicals, formed during ischemia/reperfusion, have been proposed as one of the
main causes of ischemia/reperfusion injury. Therefore, to investigate the role of oxygen free radical dur-
ing ischemia/reperfusion, in the present study the effect of endogenous oxygen free radical scavenger,
superoxide dismutase/catalase(SOD/catalase) on the release of [’H}-5-hydroxytryptamine(*H}-5-HT) dur-
ing hypoxia/reoxygenation in rat hippocampal slices was measured. The hippocampus was obtained
Jrom the rat brain and sliced 400 um thickness with manual chopper. After 30 min's preincubation in
the normal buffer. the slices were incubated for 20 min in a buffer containing [°PH]-5-HT(0.1 uM, 74 uCi)
Jor uptake, and washed. To measure the release of [’HJ-5-HT into the buffer, the incubation medium was
drained off and refilled every ten minutes through a sequence of 14 tubes. Induction of hypoxia for 20
min (gassing it with 95% N./5% CO.) was done in the 6th and 7th tube, and oxygen free radical
scavenger, SOD/catalase was added 10 minutes prior to induction of hypoxia. The radioactivity in each
buffer and the tissue were counted using liquid scintillation counter and the results were expressed as a
percentage of the total activity. When slices were exposed to hypoxia for 20 min, [°H]-5-HT release was
markedly decreased and a rebound release of [PH]-5-HT was observed on the post-hypoxic reox-
ygenation period. SOD/catalase did not changed the release of [°HJ-5-HT in control group, but inhibited
the decrease of [’HJ-5-HT release in hypoxic period and rebound increase of [’H}-5-HT in reoxygenation
period. This result suggest that superoxide anion may play a role in the hypoxic-, and reoxygenation-in-
duced change of [’HJ-5-HT release in rat hippocampal slices.
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(Siesjo, 1988). Superoxide anion¥} hydroxyl radical
fFel7| 2, AT A &S e
Wel =t integrity S A A7 R A AR 2] A
# BZE8 ¢ © 77 arachidonic acid THA} ¥l Eo| o}t
o] 7R £A4F& o 2 FItHMead, 1976).

A o3 Ak4r fe]7]el &gk AlE &ARE 7
2] 8}e] superoxide dismutase(SOD), catalase, glutathione
peroxidase 5 AbA f-2]7| 2|7 &2 (free radical scaven-
ger)o] 285 3t} Al Abefoll4] superoxide anion-2
SODe]| 2]3}e] hydrogen peroxide 2 #13+%]t] o] = ca-
talaseol] 2Jsto] E3} Ab4 ExlZ HEE A gl-
tathione peroxidaseel] 2}3}e] &3} glutathione disul-
phide 2 W35}, o] ool 2 WA Aka: R-2]7] AlA =
212 vitamin B2} ascorbic acid So]| ¢JrhSiesjo %,
1985). o]eigt WA ikt 342 AHAL Aol A=
g} MAkAFol ofste] Ab4 frel7] AAEA 7
2% Aba AFHA] AAaka Azl g Ak #el7)
£Ake] 7haXo] Y2 Z71dE 4 ¢lvk(Guamieri, 1980).
w3 Az felr] AR e s Fojsel o
$£A4 2445 71dd 4= ¢l+d] xanthine oxidase & A|A|
¢l allopurinol(Palmer 5, 1990), hydroxyl radical #]7&
el dimethylthiourea(Martz 5, 1989) % dimethyl sulf-
oxide(Albin 5, 1980), iron chelatorg! deferoxamine(Patt
%, 1990) So| 1estctr gt
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Inc., Downers Grove, IL, USA)oll 40% :=FA)7 2z
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IL, USA)l &
counter(Beckman Instruments Inc., Fullerton, CA, USA)
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scintillation cocktail-8- go] F31 WA =333}
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EZFehz el e AYHAsE J7 15
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7] #13}e] E-AFEA (analysis of variance)g- o]-8-3}¢3
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ZJ A} OgOOkO_ELHOJ]H o HHL 2k o 2 [3H]-5-
HTZ feigtd =l A 102 A= A A PH)-S-HT §-2)
F 60.4%S frelstd s Hab ghase] ulx|ut 1408
e 9.1+0.6%F Felsisict. 40-5025%E] $e)7} o
AEdeng 7 o47)7He MY 7)7H(washout phase),
1 o] F7|7kS f2]7)7 (release phose)E  Ad7taled
60l A 70 Aol 2087 HAba Fokle =E3)9]
ov] Aiks 2E A 508 A RE] ofEEeE A
ABH AL, o] F-0] A= wioks 408 e 71F(0F)
2 F A8 cH(Fig.1, Table 1).
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Fig. 1. Spontaneous release of ["H]-Shydroxytryptamine from the
rat hippocampal slices. Each point is mean +S.E. expressed as frac-
tion of the total amount of radioactivity present in the rat hip-
pocampal slices.

Table 1. Effects of SOD/catalase on the changes of [’H]-S-hydroxytryptamine release induced by 20 min hypoxia from the rat hippcampal slices

=1 -
Tubc‘* I:Io Contryl Hypoxia' SOD/catelascz Hs}gg/(g;t al‘:;tzh
(min) (18) (16) (16)*
1C 0) 198+1.1 195108 19.6+0.1 21.6+£1.7
2( 10) 17.2+1.2 16.6+0.7 16.81+0.2 179+1.1
3( 20) 14.6+0.5 13.91+0.6 14.8+0.2 159+1.1
4( 30) 13.240.6 11.41-0.6* 13.7+04 13.5+1.2"
5( 40) 127105 11.5+0.6 125102 129+13
6( 50) 11.9+05 125405 11.6+0.5 11.9+0.7
7( 60) 10.7+05 12.2+0.4* 10.6+0.3 10.81+0.8
8( 70) 10.2+0.5 11.94+0.4* 10.1x03 10.2+0.8"
9( 80) 10.1+0.6 11.4+05 9.9+03 9.2+0.6"
10( 90) 9.7+0.4 10.940.5* 9.4+0.5 8.7+0.7
11(100) 9.14+0.6 9.8+05 9.2+0.1 8.2+05

"Hypoxia was induced by changing with the incubation media aerated with 95% N,/5% CO, gas for 20 min(tube 3 and 4).

*SOD(superoxide dismutase) 2500 U/m! and catalase 1250 U/m/ were added into the incubation media(tube 2 to 10).

*Numbers in parentheses are the elapsed time from the starting point(0 min).

‘Numbers in parentheses are the number of animals. Values are mean+ S.E. expressed as fraction of the total amount of radioactivity present

in the rat hippocampal slices.

*P<0.05 compared to control. *P<0.05 compared to hypoxia(Dunnet method for multiple contrasts was used).
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Fig. 2. Hypoxia-induced changes of ['H]-5-hydroxytryptamine
release from the rat hippocampal slices. Hypoxia was induced by
aerating the incubation media with 95% N,/5% CO, gas for 20 min.
Other legends are the same as in Fig. 1. *P<0.05 compred to
control(Dunnet methodfor multiple comparisions was used).
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Fig. 3. SOD/Catalase-inuced changes of [}H]—S-hydmxytryptamine
release from the rat hippocampal slices. SOD :superoxide dismu-
tase, Other legends are the same as in Fig. 1.

2] 74s o] tET 13.240.6%¢) B3] 11.4+0.6%
FEl 2 141%7}F A=k e A4 dofd o vt
o] & 25 [H}FS-HT frele ohA Z7kso] 603 A
122+04%2 t)Z27-9] 10.7+05%8c} 143%7} Z7)s}
et olagh wHEA F7ke A 7% X&E e} 1008
A= 2T 9.1+0.6%0l Blalo] AAaka ol xF
Foll A= 9.8+0.5%7} 5] = 9l chFig.2, Table 1).

3. SOD/Catalase S£0{0{| 2|3t (H]-5-HT |2| S

ZAF odofelel] SODjcatalase ¥ 4] [H]-S-HT 2]+
N3} HokE Apo] & HolA| 9kar 101 Aol 16.
8+0.2%, vk 2} 100%- Aol 92+0.1% =] 2 A=Al
[H]-5-HT §-2] 74 9FARS el ol oh(Fig 3, Table 1).

4. SOD/Catalase7} MAA AEQOf Q&+ [H]-5-HT
a2l Hs0f 0|X|= A&

Fractional release
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Fig. 4. Effect of SOD/catalase on the changes of [H]-5-hy-
droxytryptamine release induced by hypoxia for 20 min from the rat
hippocampal slices. *P<0.05 compared to hypoxia. Other legends are
the same as in Fig. 2.

20871 A AL4 ofekello]] =ZA|F|H A SOD/catalase
zhhs}ml Aaka ok xZFA] FAE = [HES-
frel Zhaoh viehdR] s AbA Al A ks
4 fE S F A= 208 A A Ak

5 Ewelld Bofdl [HES-HT 2] Zhavt &

7] Alzbsled 308 &= 13.5+1.2% fel2 H4kA

Eold 11.44+0.6%Kc}t 183%Z 7}l =T
240655} fA1RE Gk vebich Y4 ko
F Chehbe [HJSHT 954 f2] Z7Hs SOD/
catalaseaﬁ?}i AAlElo} 708 &) AL Tl 11.9+
04%8 ) 10.21+-08%F2l &2 14.6% Zr4% gl on] ole]
g Ztae AE FR AP AlLE S ok(Fig 4, Table 1).
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o] Al it 2 7] fRldle HEE Ak
Fao] Wesi] HWF a4l WAL Hab Aol A
o7l HAE 4E FaAIeg A5 ABFE
E3F Aba B oux]de] AfZFe] E 83 (Murdoch
= 1990). 1eju} H ®oaof o5k YA Wayshs
AL &4l 5¥ PAlucE HEg 2oz A
27 AEEFEE A4 F2 st g (McCord,
1985) 2318 Ak AFo] S22 F7HAE  3l
thv FehOmar 5, 1991). o]2idh A HEHE o
27 24 F Ak Rl g7k #lel Sk
o i fe] ”“M £42 2] Slstel Wy
wholz|de] s, Akh frelr] AAEEE o 5A
o2 Bolx 22 £&ALS e 4= oty ghch(Palmer
=, 1990; Martz 55, 1989; Albin 5, 1980: Patt -5, 1990).
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b4 ANZF AelollA] [PH]-5-HT §-2] W Eo] v]x=
tbaxfrel 7] A A& (SOD/catalase)] 2H4-2 a3}
w2} 3o},

iz 7o) zpbAQl PH]-S-HT 2l 3 10804
208 T FAY FEI71E A 3 A8 7rase]
A3 oF 40% AHE AY F8A7R vad "
el S viehiodch. 27] 40%71%] Yehd PH-S-HTE=
w21 Zloletr] ®rhe dink AHol| Eo 9d [H]-5-
HT7} 217 1} Zl(washout phase)o] 7 2 ©]3F-2] ['H]-
5-HT= &fvtelld 2t {25l Zi(spontaneous release
phase)o2} Azbeict. oleigt ['H]-S-HT ApLfeli= W)
QA AbAa#e]7] A7 &2l SOD/catalase 2 9] 52 o
2 FofA] ch2a @) HolE HES Vel R] oo} A
Abar #913}e] PH]-S-HT §-2]+= superoxide anion?] 3
o] F2F g9lo= A8slx] S-S o 5 i)
ol21dh WA kA Fe]7) AAZAL A Aol 4]
&= ARgsht AAAE Abx 2] AA A % A
A AHFFA] B W Ak {77 A s AR
o] Hlato] Akar Re]7] &4 oFAbe] B b 4= 9l
tHGuarnieri 5, 1980).

20824 M Abs: Gl B4 vt AR 2Pl
[H}-SHT §217h 93] 2esiich. 7] A4aSer
a8 wEres vepd 4 9l ole] sldo] A4
ghel v ko), 3 8o) Ax|o)sl2 7= adenosine
o] frej=]*{(Lipton % Robacker, 1982; Dunwidie =
Hass, 1985) 417 3-%-& <jal|s}(Phillis 5, 1974) ade-
nosines™&-2|7} &84 417 kel ¥ 3}od(Goodman
5 1983) T84 Al A B4 falE dAste] 2
A AR 5 23 &3S JepichGoldberg S,
1987; Evans%-, 1987). I£ 3|3 A] ATPEE H4 8 2AF
°]& FZ(Ashford 5, 1988y} 7Mtz]o] A ¥ uthe 8
SAA o] AEY 908 A A7 (Spruce 5, 1987)
EA ABANE BEAE-5 ehlie] AA Az
el A S-HTE v $3 A7 g 249 218 A
T ok Feh(Ben-An 5, 1990).

oA AAF doFl o g FHA] el ulste] PH]-
5-HT frel7} 2318 F7is]= ubsAd frel 2712 et
Wsiet. Aaka AdelellA] velhd B3 7)de] AR E 31
Na'’K"-ATPase <4} 2 A% *]3}(Blank % Kirshner,
1977)= t}A] A E F-F3ted 385 F3e/x K
o AtE ANEFFE BFE-5A 8lod(Sykova, 1983) 4l
74 Axo] AL BEFTE doglozx A4 A
F A Alxe] Arjet T8-S xWch Pok(Schiff
% Somjen, 1985). x=3+ 3413 S(1990)l ¢)51H [H]-
5-HT r2le] wrsA F7h= NMDA(N-methyl-D-as-

A
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partate) &3 Baxql APV(2-amino-5-phos-
phovaleric acid)el] 2|3} Ba)x} o2 NMDA 48] &
AE T ST A9 Hr) TRS Fale] Yo
et gl apebd o)Wl AdelA veld [H]-5-HT
A felSThe S-HTA A3 AlE AR 2 23
A A7) b RS 53 [H]S-HT 2] Z7to] o
ol Ata AMFFA AAME &AL gt & 4
Ut

o] & #ldlax} MAka gy 23} o}g2] SOD/
catalase F-of A ZAabA cofel wZAlolwt Yeh =
[H]-5-HT 8] 7hart 4 =9l on] wdh aifA o}
e REEA S A=l 24 o] Abar) RS
A = dEe] Ak fEVE A =HEd
(McCord, 1985) superoxide anion¥} hydroxyl radicale]
) 4 o]t} SOD+= superoxide anionell =}8-3}ed hy-
drogen peroxide®} AF:=2 W3}A]7]w catalase= hy-
drogen peroxide & t}A] &3} A4 A 3HA) 71 ck(Siesjo
&> 1988). w}2}4] SOD/catalase 5= superoxide an-
ion-g "e] hydrogen peroxide®} 4k W3}A)7])3 o}
Al B3} AAa 2 F-531A1A PH]S-HTY) w54 S-S
AASh= A2 A7) A S4bel L v)x]
 Ata FE7] AA B d&te) g ofe] Qo)
ol ej¥-Hog Foi3l SOD Y catalase= 734
(infarction)?| =17]& ZFA4A17] (Liv 5, 1989), A7 7]
T H AR 3E-E s ev(Lim 5, 1986, Cer-
chiari 5, 1987) ¢]2]§F SOD/catalase o J7}= 24
o] &-2] 3|47} BTk shodrk(Nobuo 5 1992).

olate]l AAE Fihste] Bul AAA xE2F Ax
g4 viehvbes [H]-S-HT 9hs-A fr2] Z7}el] su-
peroxide anion ¥ hydrogen peroxide”} oJujg} «3gt&
H9E S e AEY O AAE Ex214 7
AS W3] Szl gtoz g A7) A gE o}
& e Az

va B

B aict Aol PHFS-HTE 4420 F 2087
A AkA cdof el EA| 713 Al AAF ejoFelo 2 )
A3kdg o vehbs [HES-HT $alel wlxs 4k
frel7] WA B-e d3ke Rasle] ohen e A
g A4},

1. b edofdfioll A si=l & 2Pk o 2 [PH)-
SHTE felstglod 2719 A% f2) 2a A7)
g A F 402 7ye) A=

2. 207F AAaka doklol] :28tsl-e o [HJ-5-
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HT frel7} 24| Zas )5 oAl B4 defdez &
d3ds o T & PHS-HT #3215 et
Waledl oleldh bEA freldrhe AE7I Tt A

S At

3. AAF ofekolfjo]l SOD/catalase S Fo3A] [‘H]-5-

T frefoll e 2 2fo] & Hol| ofgram A4t
A ookl 23] o}-gw] SOD/catalaseE 5o}
S o] x4k odeked x:ZA) PH)-5-HT 2] 74 %
A AZEA MER 2 21 2

o]/nol-g,] gjv,].e _ZL_?S‘-B'}.O:] Ex_ui x{/h]’_,_ _,_gv /q,/\
AgFA vebvb [PH]-S-HT vHEA f2] Z7)ell su-
peroxide anion % hydrogen peroxide”} ojujdt oj&-&-
Gt 5 e Ao Azkse o A wAA ]
g whsl7] fste] dog we Agvt Aldsolok
& 7oz AzH
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