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Interaction of Forskolin with the Effect of N6-cyclopentyladenosine on Norepinephrine Release

in Rat Hippocampus. Bong Kyu Choi, Do Kyung Kim, Yong Son, and Ue Jong Yang Departments of
Pharmacology and Anesthesiology, Wonkwang University School of Medicine and Medicinal Resources Research Center
of Wonkwang University, Tksan 570—749, Korea

As it has been reported that the depolarization-induced norepinephrine (NE) release is modulated by activation
of presynaptic -A;-adenosine heteroreceptor and various lines of evidence indicate the involvement of adenylate
cyclase system in A;-adgnosine post-receptor mechanism in hippocampus, it was attempted to delineate the role
of adenylate cyclase system in the A;-receptor-mediated control of NE release in this study. Slices from rat
hippocampus were equilibrated with ["H]-NE and the release of the labelled products was evoked by electrical
stimulation (3 Hz, 5 ch'l, 2 ms, rectangular pulses). The influence of various agents on the evoked tritium-outflow
was investigated. )

Né-Cyclopentyladenosine (CPA), a specific Aj-adenosine receptor agonist, in concentrations ranging from 0.1
to 10 4M decreased the ["H]-NE release in a dose-dependent manner without any change of basal rate of release.
8-Cyclopentyl-1,3-dipropylxanthine (DPCPX, 2 #M), a selective A;-receptor antagonist, inhibited the CPA effect.
The responses to N-ethylmaleimide (3 & 10 uM), a SH-alkylating agent of G-protein, were characterized by
increments of the evoked NE-release and the CPA effects were completely abolished by NEM pretreatment.
Forskolin, a specific adenylate cyclase activator, in concentrations ranging from 0.1 to 30 yM increased the
evoked and basal rate of NE release in a dose-dependent manner and the CPA effects were inhibited by forskolin
pretreatment. Rolipram (1 & 10 yM), a phosphodiesterase inhibitor, did not affect the evoked NE release, but
reduced the CPA effect. And 8-bromo-cAMP (100 & 300 M), a membrane permeable cAMP analogue, inhibited
the CPA effect significantly.

These results suggest that the A;-adenosine heteroreceptor plays an important role in NE-release via nucleotide-

binding protein G; in the rat hippocampus and that the adenylate cyclase system might be pasticipated in this
process.

Key Words: Forskolin, N°-cyclopentyladenosine, Norepinephrine, Hippocampus

M =

AL 2] $2l7} adenosineol] 2jste] oA ™, o} 7lol
o]¢l+= adenosine TEA|+ Aol el WEA g}

Adenosine =843 Ar- I} A0} 0 8 UHolR e 2
J9] A4l o)uj(Daly et al, 1983; Hamprecht & Van Calker,
985), Z-3=A173 Al A acetylcholine, norepinephrine, 5-hy-
roxytryptamine 3] glutamate 59 oj2]7}x] AZAD &

QA= 1 HB5, @ 570749 A% Q44 ALE 3842
At oz okl

225

(Jackisch et al, 1985; Fredholm & Lindgren, 1987). sju}=
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Starke(1987)< adenylate cyclaseS &4 3} A1 5 &
=74 E(forskolin, fluoride), phosphodiesterase, <] A]A] 9
cAMP §-AA|Eo] A 7|24l 93 NE $-81 & F7H417)
< WSt AEY cAMP FEH 3} AZ AL EA Y
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(Fredholm et al, 1986)%. QJrh
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3] # (Sprague-Dawley, 250~300 gm)E <= i glo]
dFIE gt FRE doldl ¥ T sl d&
fellAl Hutthippocampus) g <4 A k=F H &3 o}
£, A A e}/ (tissue chopper, Balzers®)E o] & 0.4 mm]
FAR AQstal FNHRATE Ao ALt A
8 Z2AE-2 0.1 umol/Le} *H-norepinephrineo] 3-8
okl (modified Krebs-Henseleit solution)ol] 37°CE 3057+
BEA g GFHoZ A Aol -F 74X (superfusion
chamber, Brandel®)2 &7 % 95% 0, 9 5% CO,& L3}
AlA pHE 748 2331, 1 yM2] desipramined} 1 uM2)
yohimbineg- 3H-3-3F kg B [ mle] £ Jf
AZTh BRALE 0RTE 52 2A0E FFAE A
Ao, 60%(S) ¥ 1258529 Fxbaloll 2 A7)
AT 3}, 3 Hz, 2 ms, 24 mA, 5 Vem™ ', 2 min)g 8+4]
. FE T ST S; Aolol dAEon, AYEFE
% 22 & =27 288 (0.5 N quaternary ammonium hydro-
xide in toluene)ol] =Pk AA P FoH gl zA Lajjal)) o}
3% F40 AL liquid scintillation counter(Becldnan®
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Aol A-&8 dokde] =2AmM)S NaCl 118, Kqy
4.8, CaCly 1.3, MgSO4 1.2, NaHCOs 25, KH;PO4 12, ghy.
cose 11, ascorbic acid 1.57, Na,EDTA 0.030]¢].ovf, okg
-2 1-[7,8-"H]-noradrenaline(30-50 Ci mmol”, Amersham),
desipramine HCI(Sigma), yohimbine HCl(Sigma), N-ethyl-
maleimide(Sigma), N6-cyclopentyladenosine(RBI), 8-cyclo-
pentyl-1,3-dipropylxanthine(RBI), rolipram (4-(3’-cyclopenty-
loxy-4’-methoxyphenyl)-2-pyrrolidone, Schering, Berline,
FRG), 8-bromo-cAMP(RBI) % forskolin(RBI) £-0]¢} .0,
°o]-E % desipramine, yohimbine, N-ethylmaleimide 5-& =
F47oll, rolipram ethyl alcoholol], U™z ofEEe
dimethylsulfoxide (DMSO)ell ZH7t 84 FodF Aol =
F42 84 A8sinh

2E AYAHL meant SEMOE LR T 7} A3
T 7+ o4 AL ANOVA Fof] Student’s t-testE
shede.

N°~cyclopentyladenosine(CPA) % 8-cyclopentyl-1,3-di-
propylxanthine (DPCPX)2| &3}

*H-norepinephrine(NE)ol] 3087F H¥ A7l 21# &fnl
228 NE A& ZhA|Q) desipramine(1 M) I -2l €
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Selol]l wAE As-adenosine FEAjol A WAo] A7
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A AL L 2 & YckFg. 1, Table 2).

CPAS] ZTH0| O|X|= N-ethylmaleimide(NEM)2] & &
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AZ elsl7] $lsto] NEM ZAlsloll 4 CPAY a5
B2s}9d ). NEM AH & NE 812718 do 3 3 uM
NEM 3}ollAl= CPAY adtE Jd=2 2831901} 10
UM NEM gsloll A& CPAS] Ayt (S & 2 94
th(Fig. 2).
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Forskoline| &1 2 CPA2l &atof| o|x|= forskoling
A

Adenylate cyclase #433}A)9] forskolin® F-of 2Fel] H]
distel 04 NE F2lE Z7geH N4 s s =
7} A hH(Table 3).

e CPA 1 uM (11)
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Fig. 1. A typical presentation of the trititumoutflow from the
rat hippocampal slice preincubated with 3H-norepinephri'ne.
The slices were electrically stimulated twice for 2 min each,
after 60 and 125 min of superfusion (Si, S,). The drug effect
on the stimulation-evoked tritium outflow is expressed by the
ratio S5/S;. The radioactivities of the tissues at the start of
experiment were 2.834+0.234 (@) and 2.604+£0.385 (A)
pmol. N6-cyclopentyladenosine (CPA) and 8-cyclopentyl-1,3-
dipropylxanthine (DPCPX) were added 15 min before S,.
Asterisks indicate significant difference (***p<0.001) between
the CPA- and CPA plus DPCPX-treated groups.

Forskolin 107} 30 M ExR|stol| A CPAS] & 3l2 o2
g+ 73} CPAS] A7} forskolin X o]l oJste] <f3}x)
+ £ T U 7 gl B-E HI1FA 7] €79 v
= CPA 95 50JA] y = —0.0215x + 0.7171, 10 uM ZA)
3ol y = —0.0151x + 0.8278 9 30 uM EAs}ell=
y = —0.0133x + 0.8960 ©.&A forskolin EAs}ol| A=
71 &717% F7he] Apol= il ot 7 78] BAF o R
ool = alich(Fig. 3).

Table 1. Effect of Nﬁ—cyclopentyladenosine (CPA) on the
electrically-evoked and basal outflows of trititum from the rat
hippocampal slices preincubated with 3H-nore:pinephrine

Drugs before

So/S b
S; (UM) ISt 2/
Control 6 0.902+0.017 0.805 +0.034
CPA 0.1 10 0.735+0.013**  0.730+0.018*
1 11 0.603%0.038***  (,731+0.021*
10 7 0.549+0.030%**  0.693-0.018*

After preincubation, the slices were superfused with medium
containing 1 ¢M desipramine & 1 yM yohimbine, and then
stimulated twice (Si, S3). Drugs were presented from 15 min
before S, onwards at the concentrations indicated. Drug effects
on basal outflow are expressed as the ratio by/b; between
fractional rates of outflow immediately before S, (120-125
min) and before S; (55-60 min). Mean*+SEM from number
(n) of observation are given. Significant differences from the
drug-free control are marked with asterisks (*p<0.05 and
**¥+p<0.001).

Table 2. Influence of DPCPX upon the effect of CPA on the electrically-evoked tritiumoutflows from the rat hippocampus

Drugs at S; (uM)

n So/Si net inhibition by
DPCPX CPA adenosine (%)

- — 6 0.902 £0.017

2 - 6 0.908 £0.019

- 0.1 10 0.735+0.013 —0.167(—18.5) ]***
2 0.1 4 0.933£0.004 +0.025 (+2.8)

- 1 11 0.603+0.038 —0.299(-33.1) Fk
2 1 4 0.877+0.019 —0.031 (—3.4)

- 10 7 0.549+0.030 —0.353(—39.1) :] *xX,
2 10 4 0.848 £0.028 —0.060 (—6.6)

Legends are the same as in Table 1
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Table 3. Effect of forskolin on the electrically-evoked.and
basal outflows of tritium from the rat hippocampal slices
preincubated with *H-norepinephrine

Drugs before
S:M) Sl o
none 12 0.8692+0.0391 0.8130%0.0070
Forskolin 0.1 4 0.8645+0.0201 0.75440.0390
I 4 09529+0.0156 0.9021+0.0399*
10 4 09566+0.0392 0.9506+0.0411%*
30 4 09991£0.0365% 1.040730.0374%**

Drugs were presented from 30 min before S; onwards at the
concentrations indicated. Asterisks ( p<0.01) indicate signifi-
cant difference between groups. Other legends are the same
as in Table 1.
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Fig. 2. Influence of the N-ethylmaleimide (NEM) on the effect
of CPA on the electrically-evoked tritium outflow from the
rat hippocampus. NEM was added to the medium between
the two stimulation for 30 min. In parentheses are the-number
of experiments. Asterisks indicate significant difference
(‘p<0.05) between the NEM-free and NEM-treated groups.
Other legends are the same as in Fig. 1.

CPA2] &3tof| ojx|+= rolipram % 8-bromo-cAMPL] 23&F.

Phosphodiesterase < A} A} 1 rolipram®] ¥ 2}9} 8-bromo-
cAMP9| & 3-E vl gt}. Rolipram 1 & 10 pM #FAj
2% NE fgloll 9g-& XA Fstgl o} 10 uM EA)
stol) A} CPAS] ¥ AA ZddS & 5 Y ehFig.
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Fig. 3. Influence of the forskolin upon the effect of CPA
on the electrically evoked tritium outflow from the rat hippo-
campal slices. Forskolin was added in 30 min before S,
onwards. Each poiﬁt denotes mean + SEM from 4-11 experi-
ments per group. Other legends are the same as in Fig. 2.
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Fig. 4. Influence of rolipram on the effect of CPA. Legends
are the same as in Fig. 2.
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Fig. 5. Influence of 8-bromo-cAMP on the effect of CPA.
Legends are the same as in Fig. 2.

o, o123 A= A 49 AEF xgieke] DPCPX
of daff SAs] £AHE 2 4 Aok oy A v
£ AFAe ¥ aE(Jonzon & Fredholm, 1984; Fredholm &
Lindgren, 1988)3 Y8l 702 B AgdlAlel CPA
€ adenosine 5§ F A-o}8-& %30l NEG-2l9] #+4
£ 9ot & % gl

¥ Aj-adenosine 4§ = adenylate cyclased] E-A4-&
ZHs}= guanine-nucleotide-binding protein(G &, Cooper
et al, 1980)37} Z3t=lo} 93 o] G Wl G¥oleta vt
33 wh(Kadata & Ui, 1982)9).0.9 o|&]3t G ghal gyl
fhydryl 9312191 NEM(Jakobs et al, 1981; Smith, 1984)
o A3 JAPo] F2A gk B A% CPA] 9
& 23 44 NE f2 oA £3hr} NEMo]| o8 9A
3 RIS 2 5 AU o)A AHEL A wE B
7| #lutzA ol 4] adenosine -4AZ E3F NE S8 2AL
G e o= B 315(Allgaier et al, 1987; Fredholm et
al, 1987, 1988; Hertting et al, 1987)3} &dlato] £ o B
BTFolA Y CPAS HFE A4S AR G o
 Zfste] NE9| fel7as vehita o 4 gl
Forskolin®- Q)4 A18-¢) Coleus forskoliol A Z23)
W diterpene 4 4|(Bhat et al, 1977)24] 2, 7] 1) &)
T Aol gotEdids &M wA glol
adenylate cyclaseE G4 1A A AT cAMP rre =
7EAIZ o] ubs] Xl (Metzger & Lindner, 1981)0] %) AZ W
B WPl cAMP Do) JRE ey Yol aoli=
FEolth(Seamon & Daly, 1983). B L% zpZo
£ FLEE NE $217} forskolin $ofol) o)) ko) &
Aoz Zobelglom o]t forskoline] ¥ )4 (Markstein

ct al, 1984) 1l fju}ol| A (Fredholm et al, 1987) NE $-8l &
Z7HA e BaEH 9X8e AHAZ forskolino] A
] cAMP FEE Z7HAA NE §E2l & S7HA17-2 &
Ashe). 28y oj#g ARE FAE 310 adenylate
cyclase A& AAAA cAMP FE & Z4A|7|H 417
A% BAY $27F BAY RolBE M) hsie.
A A& NE 32l& ar-autoreceptor®] Ap=rol] olslo] Zh4
3 - & 9] AF0] adenylate cyclase?] A4S o
Alghcl= Y¥.31-E(Schoffelmeer & Mulder, 1983; Jakobs et
al, 1984) 3l Aj-adenosine -&-H| ZA4Zo] cAMP =5 & 74
A Al Z1ekE B3 (Fredholm, 1983) ol H]Fto] 2 odof]
21 9) CPAE GrebB-& 73-5-51¢d adenylate cyclases] ¥4
= GABlod A AZW cAMP 555 Z4&A7A NE 8
g A 8 4 Ak ol 2 AL AVRY
F 9% Aog A forskolin £R) 3lo|A] CPAS) #3}7}
A 7ekslglorn ©]-%7] phosphodiesterase <] A& <l
rolipram £} slol|A] = CPAY A e I A Aeksigoe
™ Al Eetol| F3pA o] 74 8-bromo-cAMP ERY 3ol A
44 cpasl EAt A AASEE AT E + Y
221} Fredholm®} Lindgren(1987)& 213 jwlollA] NE
$2E BEANE o580 T AFEAE CRuS
E23lo] 1 AFE JERNA W adenylate cyclase Ale=
A7} glokar Bargt u} 9l 37, acetylcholine 2] off & 4]
Ao g 2A&ste A-TEA 94 G-hullate ol gl
A ut adenylate cyclaseSt= Fabsichar s vh(Duner-
Engstrom & Fredholm, 1988). o] £9] B.nel B oA Ax}
9] Xol & 44A AE T FAAT e HddlA
& forskolin ZAY slolj 4} adenosine Z-H-oko] g-ekut.o 3t
Ag FEslA 2 FAZe] WA} 3 adenosine
FE&A19 AdllE K'-E 2 (Dunwiddie, 1985; Trussel &
Jackson, 1985) 3! Ca'"*-% Z(Dolpine et al, 1986)E-¢] o}
P B3 55 Qo] ol dog oS Fsleio} 3
HA 2 Azt

AER o7 8F 3lulolA NE {elol Hodsls A
adenosine =842} AW 714 ol & adenylate cyclase A
7} Frodsla Qleoelel A§zHcd.

! =

314 slfuh(hippocampus)oll 4| NE f-efoll u[X| &= As-ade-
nosine =842 €83} post-receptor 7} al] 3lo]A] adeny-
late cyclase Al¢] FrofoiFloll gk A7 dAslo]
PHINE2 2 HHA7 dju} sliced A-gsko] PHI-NE £
glof] vixs 7k FEEY dAgE FHEst
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Avadenosine 48] E1okal CPA(.1~10 My A
 71A5(3 Hz, 5 Vem', 2 ms, rectangular pulses)ol] o9&
CHI-NE §218 §% 2402 22475 A adeno-
sine 8- XA DPCPX(2 uM)e] A A gl CPAS]
IS A AL £ F Ao G protein A
A NEM@ & 10 gM) T AAE Z4Fol] 93t NE &
2l & $7HAZlen, NEM A A gl olslo] CPAS) T}
© A3 &AE g

%A adenylate cyclase 243 3}#)0] forskolin(0.1~30 uM)
£ /ARl Bl $FAZG A0l I8 NE
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IS AT $FRSTHE $Z 07 o]EA 7
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M2 CPAS] ¥ 312 oz A|Z 21, 8-bromo-cAMP (100
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