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Effect of Adenosine on the Release of [3H]-5-hydroxytryptamine during Glucose/Oxygen
Deprivation from Rat Hippocampal Slices. Kyung Eun Lee, Kwang Eun Cha, and Young Sook Pae
Department of Pharmacology, Ewha Womans University College of Medicine, Seoul 158 —056, Korea

The effects of adenosine, adenosine A; receptor antagonist (DPCPX), or NMDA receptor antagonist (APV)
on the spontaneous release of [*H]-5-hydroxytryptamine ([’H]-5-HT) during normoxic/normoglycemic or
hypoxic/hypoglycemic period were studied in the rat hippocampal slices. The hippocampus was obtained from
the rat brain and sliced 400 um thickness with the tissue slicer. After 30 min’s preincubation in the normal
buffer, the slices were incubated for 30 min in a buffer containing [*H)-5-HT (0.1 uM, 74 uCi/8 ml) for uptake,
and washed. To measure the release of ["H]-5-HT into the buffer, the incubation medium was drained off and
refilled every ten minutes through sequence of 14 tubes. Induction of glucose/oxygen deprivation (GOD; medium
depleting glucose and gassed with 95% N,/5% CO;) was done in 6th and 7th tube. The radioactivities in each
buffer and the tissue were counted using liquid scintillation counter and the results were expressed as a percentage
of the total radioactivities.

When slices were exposed to GOD for 20 mins, the spontaneous release of [’H]-5-HT was markedly increased
and this increase of ["H]}-5-HT release was blocked by adenosine (10 M) or DL-2-amino-5-phosphonovaleric
acid (APV; 30 uM). Adenosine A; receptor specific antagonist, 8-cyclopentyl-1,3-dipropylxanthine (DPCPX)
exacerbate GOD-induced increase of spontaneous release of {’H]-5-HT.

These results suggest that Adenosine may play a role in the GOD-induced spontaneous release of [*H]-5-HT
through adenosine A; receptor activity.
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M 2 A (synaptic transmission) S FFAEAFOZH ¥ Qo)
e 23283 vebd = Sle o J)He| EAlgh)
AAAQ H7)5 SAE A= A HNTFol 3 GEHA Uk A AL Z(Zetterstrom et al, 1982), 3]

YA oltt. g Fako] ZhAE™ A a)A %3 Aol (ionic (Hagberg et al, 1987) Bl 73 # (seizure)(Winn et al, 1980)4]
imbalance)E Zelste] AES ZFF7E 9 A Zw o] X]z2 W adenosine FX7} §43] 7=, 42"
F7HE doAl H 3 AEY AR A Aol A% adenosine2- ¥ A E9] VA FF& F7HIFIAY oy
A& Z7}, ATP t4 9 f-4b(lactic acid) ¥HeFo] F71s]of A &85 ZaA7+ 2§ VEhH 2 & (Fredholm et al,
A EW AZ(intracellular acidosis) % A|EEZES Jeh 1985) adenosine '=e= I F A= 5 W DX A4 Al
Al = ch(Frederick et al, 1992). %7] &)= A A AL Al A7 B3 5 IHneuroprotective effect) S el &= UjQl
A} 1737 257 (endogenous neuromodulator) £ Q14 5] 31
AYAR : o) AS, © 158056 ALEMA] FHT 6% 9111 9lt}H(Fredholm & Hedqvist, 1980; Burnstock & Brown,
01:6}012}\:}15}:,_' E]E'—l-ﬂli," %ag}ﬂg 1981; Schubert et al, 1982).
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Adenosine =8£4), 53] A, FEA= FEA 459D
ol] E¥5}u(Goodman et al, 1983) X&E7} 25 ml/100
g/min ©]3}E 74 %" adenosineo] $-2]=|o](Lipton &
Robacker, 1982) 4173 .(neuronal firing)& <} AlstL
(Phillis et al, 1974) ¥84 AAAZELY] fE A4
sto] A ARSA sl HEAHE pehiic)
(Goldberg et al, 1987; Evans et al, 1987). E& n]A€l4]
adenosine 713} 2l theophylline £ 2 S| A] THA Al
ARLEAS fel7h A HYY £40 B S 37
5)t}3 ghc}(Rudolphi et al, 1987). Adenosine- 4= o)
ZAysle] & ko| SH(vasodilation)(Phillis, 1989), #1H -4
A ZW 29 Z4o]Z < A|(Rudolphi et al, 1992), A
AR ZEEZ /N (Heurteaux et al, 1995), 5 Fol%
(glucose transport)S E¥F oA AAAFIH(Wyatt et al,
1989) 9 53] glutamate -f-2] ] #l|(Rudolphi et al, 1992)F
< E3l0] o) it AR LI EIAE JePicts

221} adenosineS A7 M Eof] N A HFHQ EE7
folsjoll Ho]A I (Grome et al, 1986) U IFEA
(antithrombotic) & #}(Seiffge & Kremer, 1986)5 7}A|=Hl
ol d A5 AuHH HERE MAXNA 8l ]
g AR R3AES Y ¢ vt wEkA £ a3
adenosine®] 35]d o] AZAFel izt 23242
A HGFANE S8 oA AAJAE Yot 9
sto] HAA g9lo] wiAEl AAle] AEE B3t HE
ol] ©] %] adenosine?] 24714 & FHE Do 277
= et

4ol 93 o] 2 g tARNE AR =AELE 2
3 ol2|dt A A7 Q7 Y (synapse)oll A £3] 4}
A Yel}A] acetylcholine(Gibson & Peterson, 1982; Hirsch
& Gibson, 1984; Freeman et al, 1987), dopamine(Globus et
al, 1988; Vulto et al, 1988), norepinephrine(Saito et al, 1985;
Miwa et al, 1987; Yoshinobu et al, 1993), 5-hydroxytrypta-
mine(3HA 35, 1994; ©]73-&, 1996), Y-aminobutyric acid
(Hillered et al, 1989; Yao et al, 1990) ®:+ glutamate
(Hauptman et al, 1984; Freeman et al, 1987)8} 22 o
A7 ALEAL] AA  Falol %S viXA "} o
24 ol&l3t ARAZEA A4 =& fElFol 84
¥7)% Aol F93 parameter2 o]3F 5 vt
adenosineo] AZARALER fe|H Bl vX|& F3ll &
stod & FZ glutamate} 8] A3 QAR Ado] ATFHIUS £
o]} (Rudolphi et al, 1992).

walA oWl dFelAE ol ull$- vizhet sjupEH
(Brierley & Graham, 1984)< ol &3} TxchAA 27t
ol] |3 [H]-5-hydroxytryptamine (’H]-5-HT) 2] 5%
A& #2431 o]o)] B X adenosine B 1 Ag}HA| 2]

e 3 W

AYFTEZE H57 200 g A2 53 3 F (Sprague-
DawleyAE A-&siglon AL U= % EETY
Az 1AFe2 WrAh BA F $E FAFE @
2} adenosine(10 M) Fof, 8-cyclopentyl-1, 3-dipropy-
Ixanthine(DPCPX, 30 uM)5-o 7+ X2 DL-2-Amino-5-phos-
phono-valeric acid (APV, 30 uM) 5o} F-2.2 Al&3l5ic}.
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AYETS dFate] 3 AN 5 Aue] HE HEe)
2 AL o)A TS Hhe 2 25 XA g A
g & okZol| A 2709 dut AR S T3l A7
o Qkel(2~4°C, 95% 03/5% CO)& HA o] FA ol 471
o] SulS 712 ko2 AXSES o] AUt 4L
oS mMa) 2l tissue slicer(Stoelting, illinois, USA)E
o] g0l 400 pm FAZ FElFol stk dnt
& ARG dek

Aol ALE oo =42 eI ZTHuM).
NaCl: 124, KCl: 4, CaCl: 2, KH,POq: 1.25, NaHCOs;: 25,
Glucose: 10 Mg* "o] NMDA 9] #&-& Hhilslez A 4
Fo] AP E< JkAol Mg* & AR Ak
o0 5-HT7} AASEE A& WAsH7] $3te] monoamine
oxidase 2] A)A)¢Q] nialamide(Sigma Chemical Company, St.
Louis, MO, USA)E 125 M 52 o okoll Yof] A 7}A]
Rt

EEEhML 3L RE YA

L3

479 dutEREl 4L AHE 8 mle] FXHO5%
0:/5% COy)oll B 5 37°CE FAAA 3027 shak-
ing water bathujoll 4] #fju} AHo] 7hgA EE =5 o
WA uxste] 23& AAZ 308 F 0.1 uMo
(H)-5-HT (74 uCi/8 ml, Amersham International plc.,
Buckinghamshire, England)7} 4715l goffo g 7ot
3087 Wxsle] zFeg PHIS-HIZL FREES
9} o)F N vjeln YR =49 A4% 9
ol oz HolF ¥ HulAHEL FANE 247 2 mig]
ojckolo] E 4719] vialol Vo] Boke). Fulsle] v
PH-5-HT7} oA F&=E A A Siste ol
Bg] AesE dddele SHT FHAAAY zi-
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melidine(Research Biochemical Incorporated, Natick, MA,
USA)E 10 1M SE2 74593t ol o 1085k} 140
B WHEEA] gl g Aol A4S APk
FEHAE L 08A] 28 2087 okl o] X
EgE AAS AFAE 237 918+ mamnitolS
d FE(10 mM)E Fof3l oJokall g 95% Ny5% CO, E
HAA S35t} Adenosine (10 uM), DPCPX (30 M)
& APV (30 M) 59] oFES Tl 1479 £
& 712H5<k Jokd 2 Sodsie

WALs &3

o

olr
i

AYZEAA ARl AE3he PHI-S-HTY A
53 dvidH o2 R 29 CHI-S5-HTS A5 S &
= 2R890ch 3, Aol Ty 242 1 mle] 2583
A)(Lumasolve, Lumac LSC, Groningen, Netherlands)ol] 60
¥ =2AA 23& A3 5 F olF 100 uE A
o] 5 ml9)] liquid scintillation cocktail READY SAFE, Beck-
man Instruments Inc., Fullerton, CA, USA)¢| £ scintillation
vialol]| A Z £EFo] £ X liquid scintillation coun-
ter(Beckman Instruments Inc., Fullerton, CA, USA)E A}
5¢ 2Pegeh w27 vialol 4 42 2 mlo)
A2 500 plE Hsle] JA] 5 mie] liquid scintillation
cocktailg JoIFT WASE FAYct

SN 2y

$2 PHIS-HT S5 94389 14709 vial9] o gl
oA de Zkat zA oA AR g BT 3l 23
o2 AAE F AT &S AL 7 viald] FgHd
ol f2% WA ¢ F AT doll dig £35E
(fractional release) 2 VFelUIgic}. 5087 Y] 234271
A AN o2 E 508 e 7IF(100%) 22 FHAE
2 ZAel9ch e AdASE FF T EFLAE B4
stglom AgF7re] Wtk g vl 2ay] st 24
34 (analysis of variance)& o] &3} 2L, =TT} 2ol
£ Dunnett ¥ o2 v]Zs4r}

| 1}
sio} o] PH)-5-hydroxytryptamine F2l

A4 Jokloll 4 sfju} AL AubA 0 2 PH]-5-HT
2 geleignl R 108 AA) CHS-HT S22
604% Sl A 7ol vlAlet 1408 A
9.1+0.6%< Sl ). 40~508 51 e] G-l gko] oA
o Ao Beksle] 608 Aol A T0EA o] 2087 TE}

—~—

A 27 A%Rl =AY FEEAE ANHYe
ol Foll 508 S 712(100%).0.2 EAeHelckFig, 1).
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Fig. 1. Spontaneous release of [’H]-5-hydroxytryptamine from
the rat hippocampal sllces.
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Fig. 2. Glucosefoxygen deprivation-induced changes of
spontaneous release of "H]-5-hydroxytryptamine from the rat
hippocampal slices. Glucosefoxygendeprivation(GOD) was
induced by depleting glucose in the incubation medium aerated
with 95% N3/5%CO- gas for 20 min. *p<0.05 compared
to control
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2.2 upfo] £ ¥ PHI-S-HTGele tlzFol vlste] ¥

£ W% BolA 9o} 140EAle] e 530+
29%%, EEH AL DT 528+36%F el
(Fig. 2).

A Aotoliliof &0i5 adenosine, DPCPX = APVO|
o8t [*Hl-5-hydroxytryptamine S2|HE

P4 Fel=o] ARARSEANE Jehiicta d#A
adenosine(10uM), adenosine A; =84 A& Ei 4|2l
8-cyclopentyl-1,3-diprophylxanthine (DPCPX; 30 yM) ==
NMDA 484 EAQl DL-2-amino-5-phosphonovaleric
acid (APV; 30 yuM)E B4 2% NZ 2087602 ~

(%)

100 7 © control
A control + Adenosine 10 uM
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Fig. 3. Adenosine-, DPCPX-, or APV-induced changes of
spontaneous release of H]-5 -hydroxytryptamine from the rat
hippocampal slices. DPCPX: 8-cyclopentyl-1, 3-depropylxan-
thine, APV: DL-2-amino-5-phosphonovaleric acid.
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Fig. 4. Effect of adenosine on the spontaneous release of
[’H]-5-hydroxytryptamine release during glucose/oxygen
deprivation for 20 min from the rat hippocampal slices. Other

legends are the same as in Fig. 2.
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Z Xo]E Kol go} 60EA N 22 90.9+1.4%, 92.6
+42%, 88.5+1.6%%, ulAlE} 14080 22 513+
33%, 602+1.1%, 51.0+2.1%E 23}l cHFig. 3).
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Fig. 5. Effect of DPCPX on the spontaneous release of
[’H]-5-hydroxytryptamine during glucose/oxygen deprivation
for 20 min in the rat hippocampal slices. EPCPX: 8-cyclo-
pentyl-1, 3-dipropylxanthine. Other legends are the same as
in Fig. 2.
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Fig. 6. Effect of APV on the spontaneous release of [*H]-5-hy-
droxytryptamine during glucose/oxygen deprivation for 20
min from the rat hippocampal slices. APV: DL-2-amino-
5-phosphosphonovaleric acid. Other legends are the same as in

Fig. 2.
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adenosineg- F-oJsbH 708 A0l 100.7+52% 5 G2}t
EEQAE 324 FREE PHSHTS §8 21
(128.4£102%)7} B-All=|glow] A4 ojoklo 2 319) 4]
e EEG/AL 2473 WIE RolE JelhA &
hFig. 4).

ETGYAA D2l 2|8t BHl-5-hydroxytryptamine S2[HE
oll o|X|= DPCPX2| &1}

20527 L2344 317k oJofllo)] 122X 7)w A} DPCPX
€ T8 0%l 147.6+:4.3%, 702 o) 130.7+
100%9] §2l& Ho] x4 247 PH)-5-HT
FEIZ S ZEE Yo 4 Jgio g 3R
dlE 238 e AL 34T vlsle] F43 PH-
SHT $212t42 vehio] 140ERlol: 107+07%2
FelskglchFig. 5).

ETE/aa DZhol| 98t PHI-5-hydroxytryptamine .2
HEo| o|xl= APVE &3}

082 T2 37 ol 227104 APY
& Folshdl Exgda 17A 0%Ae] BaEE

‘IEM
o
g
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o
olN
=
S
~
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S
)
=R
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1A
e
fr
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u
L

EEF AL 12X SA3 PHIS-HT §2lae o
ehA91 k. (Fig. 6).
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Adenosine 8] 1 FAEH L HYFL ARRIA LS
YR o (Rudolphi et al, 1992) whe}A] 7 & (seizure), =
Z(stroke) ¥ 7] €} B34 217 A $Hneurodegenerative dis-
ease)2| X] & ol] adenosineol] A3 X 87} A 5 1 Qlck
(Von Lubitz et al, 1995). Adenosineo] AARF TS 1}
ERlE dlolle A4 £ 24l Z8o] Fasle
adenosineel] 2]} acetylcholine, norepinephrine, glutamate
59 27t ARl o] Eagl v} glrhFredholm & Hedqvist,
1980).

¥8o] WA HzAe) AAAY B
w2 2 AEEE 928 4 9rHGrossman & Wil-
liams, 1971; Tower, 1979). o]¥] A&lo)|4] 317 #ju} A5
£ ZEo| AAS I 95% NoJ5% COZ E3JAF] ek
Aol 2087 =247 e Furehd PH-SHT A
FeU7 B3 FASU. ol A AdeIVE
FEAIT 3 5(1994)2] BHoe Ao|dt Ao E o] Eoll
osbd A dful Aol AALTHE fuHAFd

CHI-S-HT 7p2 §el7} Zas 3 s T34 54
felE7t vebdea dlgiek e 7 9 qk(1995)2
FENY E=FE W3H0 mM~20 mM)A]FIHA =4
24U E A7 229 FE 4 ) vt H-S-HT
frel7t MEE e X530 1 mMolglE EAlfsty A
AdGEA] PHIS-HT Apt$elrt ZrasiAn £xg-g
A3 27X 71 28]8 [PHI-S-HT 2427} 2713
ohx Wste] B TS SA% A Hasiglct ¥
dolgt A4 9 E53F A4 E BT Il Aulol=
E ol ARellA 4437 Fulel glEodA] e £
ES 3Z2A7E 4E£nAE FEHARE o et
© CHI-S-HT 242 2H47) 288 348 3 371
2 A=) Txita 223 AAEZA e [CH-
S-HT 2|l Zol7t Q&S & + Ui
] Ak 4 (Zetterstrom et al, 1982) B &4 (Hagberg et al,
1987)A]ol| ¥ ZZ Y adenosine ‘E=7} FAs| Z7}5 ),
adenosine2 & 3-o] 2H(Phillis, 1989), 3 EH-9 A EN =
9] ZrgolE % Al(Rudolphi et al, 1992), HeHA 4179
Z-EE 2 /" (Heurteaux et al, 1995), % }o]E-(glucose
transport)& 53k AV A A F7HWyatt et al, 1989) Bl
53] glutamate 5 oJ2] 417 AFEAE §2 Al (Rudol-
phi et al, 1992)F2 B3t ol i AP LI AHE
Yetfict s gheh. a2 2 o] AdfdlA Yelhg £
A&7 & PHI-S-HT Aubselo] AARES
& vehficka 922l adenosine (Fredholm & Hedqpvist,
1980)0] ojuwldt A& Pddalx YA E ¥el7) s
EX A4 172A] adenosineS F-ofslo] o]l ulE
CHI-S- HT 2] 95942 Babasieh B4 9%
Hfoll A} adenosine> [HJ-5-HT pit-§-2jell Wicke o
e vAA ot T AL 2d4te e Foi)
H kA& 3ol o3 PHS-HT Aikge] Z7h7t
A=At kA ol AgellA Yehd T4
37l 93 PHI-5-HT AP2-fe] Z7}oll adenosine 3
W& EE adenosine 48747} o WY AP Be
& % e Aez 4Aus
Adenosine &= Ay, Aza, Az Y Az9] o} (subtype)
o] Ea3}31(Tucker & Linden, 1993), adenosineol] 2]+ Al
AAZLEA el Aol adenosine &2 F A; FEA
ARA o] 74 Erha d#A 9l ow(Jakisch et al, 1985;
Fredholm et al, 1986; Fredholm & lindgren, 1987) & ol
R 78k dllul Z2]ol] 53] Aj-adenosine &-4|7) go] &
A&kl e} Ne-cyclopentyladenosine(CPA)SF ZH8- A,
T&A BAJAE Fosld F4hA(focal) F AHMA
(global) HHol} 23t AAEY BFo] thsle] B 2H4
€ Vel (Rudolphi et al, 1992; Von Lubitz et al, 1995)
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AR AL T84 AA Foe ARBAE 338 F
3| F7FA1Z1ehaL gkch(Von Lubitz et al, 1989; Rudolphi et
al, 1992; Von Lubitz et al, 1994; Von Lubitz et al, 1995).
oll AFoll4 {84 PHI-S-HT $-2] 577} adenosine,
53] AL FEAE 58 AURAE sl aA} adenosine
A1 &A19) A3 24419 8-cyclopentyl-1,3-dipropylx-
anthine(DPCPX)& F3} & wl] A 4&/E =} 3170
& CHISHT $21271} 6 S 2Z5i90ch. mabd 42/
55 7o) 3 PH)-5-HT 42 Z7}o)) adenosine A,
TEA 24 4Tt dBEo] 98¢ ¢ F Yk

33 DPCPX Fol A4 okl 31814 233 34
& [HI-S-HT $-21 247} velie). o] oabs 5-hydro-
xytrypamineA] A17J9] adenosine A; 4=2-x|7} DPCPXd||
o3l Akd ¥ 2312 adenosinecl] tele] g1t Hr-g
£ YehiA SI9AY =5 £59/44 3744 DPCPX
o) &Jske] Fr}3t PHI-S-HT $-2l7} 9L &, sfubd o)
£42 9ol o o} 4 3449 PHI-S-HT 2% $ei7h o
oJuA X Aolet BZE A o) Fsly] $iete
¥ A A3 A 717H5 DPCPXE Fojsto] F 44
Q) PHISHT Al $2i7t $AFERS Hlsioiol &
Ao g 7=

AAY ABAZEAQ adenosine S TEA AAAG
EARA 394 52485 vehda 423 glutamate
¢ FFZEE ol F3 glo] HE{7] 25 ml/100 g/min o]
317} =] adenosineo] -§-2]% o] (Lipton & Robacker, 1982;
Dunwiddie & Hass, 1985) 3] o)} tslo] B &34 1)}
WA uk(Phillis et al, 1974; Goldberg et al, 1987; Evans et
al, 1987) ¥ ¥ o] vl % Zef= o} ¥ P F7} 20 ml/100 g/min
o]3lZ ZtAEW vl o] adenosined B3 282 Vel
A X33 23]8 ojufoll= glutamate2] 5XE Z7}ol] wh
£ AEEA4S Jel WA Reba shel(Lipton & Robacker,
1982; Dunwiddie & Hass, 1985). L] 2. & o8] A& o]4]
vehd ZEAAE a7 2% PHI-S-HT §-81F7}ol
adenosine/glutamate ¥, & L E /A4 31740l 23} o]
adenosine Ztg-o] 744 % 31 9238 glutamate -§-2)7} =7}
Hol 471 43 & vetdiAl HUEAE gotry]
$}%}o glutamate2] N-methy-D-aspartate (NMDA) 482
7Z)8}7)9) DL-2-amino-5-phospho- novaleric acid(APV)E 30
M FEE2 Fo3gls W ExdAL g %
PHI-S-HT 213771 A=t vkl Tud/as
37bol| 9J3}o] adenosine®t NMDA 84| 48 3
glutamate2to} G5 280l 28313 QIS & 4 Yok

ol 4ol AHE FHele] Bl Txehd4 7] 9
3 PH-S-HT $2] $7}% adenosineol] 9|3 A,
adenosine A; -84 713}4]¢] DPCPXol 23) < =7}

=], NMDA =44 24|21 APVl 9jslo] Eaix)=
2, I5 A4 27l 93 PHI-S-HT §2] 240 A
FLA)E 53 adenosine?] %] HFodE 4 9IS Ao

2 Az

ZAe g

o] EEL 19959 E olgeiehha 2 Tu)g A
ol SJete] ol ol e

d n 2 8

o174 A1A sjubgHoll A Ah4F ol & [H]-5- hydroxy-
tryptamine?] #-2]¥ o] v}X]= Dimethylsulfoxide?] &
3} o)&tel A 19: 417423, 1996

A, ol B, AT, WA, k<. inpER ol A A4
Zo| 213} 5-hydroxytryptamine-§-2 53} NMDA 48]
¢}l #=A. HEEA A3 A 12: 193 -205, 1994
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