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Effect of Protein Kinase C on Norepinephrine
Release in the Rat Hippocampus

Do Kyung Kim, Young Soo Lee and Bong Kyu Choi*
Department of Pharmacology, Wonkwang University School of Medicine, Iksan 570-749, Kor

The effects and interactions of 48phorbol 12,13-dibutyrate(PDB) and polymyxin B(PMB)
with adenosine on the electrically-evoked norepinephrine(NE) release were studied in the rat
hippocampus. Slices from the rat hippocampus were equilibrated with *H-noradrenaline and the
release of the labelled product, *H-NE, which evoked by electrical stimulation(3 Hz, 2 ms, 5 VCm™,
rectangular pulses) was measured.

PDB(0.3~10 M), a selective protein kinase C(PKC) activator, increased the evoked NE re-
lease in a dose related fashion while increasing the basal rate of release. And the effects of 1M
PDB were significantly inhibited by 0.3 #4M tetrodotoxin(TTX) pretreatment or Ca**-{free medi-
um. PMB(0.03~1mg), a specific PKC inhibitor, decreased the NE release in a dose dependent
manner while increasing the basal rate of release.

Adenosine(1~10 uM) decreased the NE release without changing the basal rate of release,
and this effect was significantly inhibited: by 8-cyclopentyl-1,3-dipropylxanthine(2 M), a selective
A\ receptor antagonist, treatment. Also, adenosine effects were significantly inhibited by PDB-
and PMB-pretreatment.

These results suggest that the PKC plays a role in the NE release in the rat hippocampus
and might be participated in a post-receptor mechanism of the A-adenosine receptor.
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z93% d¥e u UL FA9 Aoy
(Langer, 1981; Miller, 1987), Ca** 9J&X &4
8] protein kinase C7} A4 z29] EFd 3|
249 3 5] ¥ (Nishizuka, 1984) ©]2& &4do] 4173
AY 249 fd FoFH 9L I} Ul
4#A JUth(Wu ef al., 1982; Nichols et al.,
1987). A ZF%(tumour)&
phorbol o ~8 FgE9 stel 48phorbol 12,
13-dibutyrate(PDB) 7} protein kinase CE &4
3} A1Z 4 9l o™ (Nishizuka, 1984) o}-£2 oz
7k AAAE BEAY & 4o (Zurgil
and Zisapel, 1985; Allgaier and Hertting, 1986
a; Tanaka ef al., 1986; Allgaler ef al., 1988),
E% PKCe Hddd dAAlz €8x polymyxin
B(PMB)1w} 1-(5-isoquinolinesulfonyl)-2-methylpi-
perazine(H7)o] PDBY a#& add Huloly
g o AR AFALELY {88 AN
g Yt (Kuo ef al., 1983; Kawamoto and
Hidaka, 1984). uwlglxl PKCr} AAAGEZY
frEd 8% 233 Fee T F U 4
&k, #ulz & oA norepinephrine(NE) {2lof)
Xz PKCe] g4 distede ofx 2 23t
B4 %oh

otz oA NE frele ADHFY a-ot=d
udA FeAe &Ad oAt (Jackish ef
al., 1984; Hertting et al., 1987)0] ol )zt A,-
adenosine & 2] &4 (Jonzon and Fredholm,
1984; Fredholm and Lindgren, 1988)<] 23]
AE £ <o) BuE v 9o} Aj-adenosine
FE&A Y] FE-FEA AFF AEYW 7)Hd B}
o obd I ARI AR AA ¥k

welA] AREL ] salo A PKC &/d38HA]
¢l PDB ¥ A<l PMBe| NE #ad] wx+&

ded & slE

GEEY AFE BEsA FHup =M NE
WAE PKCe Aed od 2@ A
adenosine =24 2] A XY 7Aoo PKCe o

o2 &=zt i

AE Mz @ uy

87 (Sprague-Dawley, 250~300gm)E& <
FaEgle] BFIE ALgste FRE Hojd & &
Asted d&AlA dfn}(hippocampus) & %
o] JIAYES AH2F v ZAHAD7|(tissue
chopper, Balzers”) & o]& 04mme| $AZ A
gl 2R ute APd AMEstgh AYE =
AEL 0.1 gmol/Le] *H-norepinephrineo] §H-f-#
o okl (modified Krebs-Henseleit solution)<] 37°C
2 30 B2 $3AZ e dgdez & Ao &
22} 3] (superfusion chamber, Brandel®d] &71
% 95% 0, @ 5% CO,2 ¥3A]#A pHE 742
wE3, 1 uMe| desipraminesdt 1pMe] yohim-
bineg 33 AYAL BF 1mle =2 HF
AR #FARAE 50 EREHE 189 0.5mle
&5 JYAe AFAA, 5& NHHLR AFY
& APsgod, 608(S) ¥ 1258(S,) FxH
o ZAA A7AF(FE5, 3Hz, 2ms, 24mA,
5 Vem™!, 90sec)& 3grh. k& Fo= §,7 S,
solel AABRon, JFRF 29 248
#<4(0.5 N quaternary ammonium hydroxide in
toluene)dl HFch AFBFY 2 ZF G AN
2 3% 442 &AL liquid scintillation counter
(Beckman® LS5000 TD)& 3stglon, @9 £3
SEEs 3% $£4 4 Hertting 5(1980)¢] ®
Hd| o]ste] AArela, ofw] f8 %+ norepineph-
rine(NE)¢] %2 22 FFE o A J&
(%)= vehfglch. NE frgld #lAe EE
o) 23tE §/S. 02 FRABLH AREE S
4 S, AAe f8%F4 by/b o2 A4 ATH

A AFEF Ggde] F2AH(mM)E Nall
118, KCl 4.8, CaCl, 1.3, MgSO, 1.2, NaHCO,
25, KH,PO, 1.2, glucose 11, ascorbic acid 1.57,
Na,EDTA 0.03 olglen, <EEL H7,8°H]-
noradrenaline(30~50 Ci mmol™!, Amersham),
desipramine  HCI(Sigma),  yohimbine  HCI

(Sigma), adenosine(RBI), tetrodotoxin(RBI),
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polymyxin B sulfate(Sigma) % 4pA-phorbol 12,
13-dibutyrate(Sigma)% ©]3oH,
pramine, yohimbine, adenosine %
= FFTel uUHA FEES
(DMSO)el o) Foi43 %
s34,

BE PYHS me

o]E% desi-
tetrodotoxin
dimethylsulfoxide
Fez 48k A}

+SEMe 2 JEhfila,
2} ART 7+e %91*3‘ 7&%% ANOVA test &
o] Student’s t-testz s}gt}.
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Fig. 1. Influence of tetrodotoxin(TTX) on the effect
of 4fphorbol 12,13-dibutyrate(PDB) on the
electrically-evoked tritium outflow from the
rat hippocampal slice preincubated with *H-
norepinephrine. The slices were electrically
stimulated twice for 90 sec each, after 60
and 125 min of superfusion(S,, S,). The drug
effect on the stimulationevoked tritium out-
flow 1s expressed by the ratio S,/S,. Asterisk
indicate the significant difference between
groups(*=p<0.001). The tritium contents of
the tissues at the start of experiments were
0.500£0.039(@) and 0.715+0.073(A) pmol.
Both drugs were presented 15 min before S2.
The mean+SEM of
given.

experiments(n) are

dag FeAe A5 LA et 1Mo
yohimbineo] 83 dFHe AFAA FHA
Tl A7ASE AAsgn. Fig. 1d= NE
$e)d mAE 1xM PDBe @3e UeUde
o, PDBe] &3 & Table 19 34t PDB
0.3~10 uM-& FojzF Fdjof H#HFE NE f29
F7HE dezlon, ARE BF FIHI FIHE
oA}, o]#3F PDBe &3+ tetrodotoxin 0.3
M Al Fold ojste] @R 2dHEE &
AR THFig. 1).

th&ol= PDB7} A7]2k50] 2% NE f3 <
Ve oWk ohriet s\ AFE f& 515}
Z7}A 2 ol#d &t AE N Catt

75
550 sﬂfézwﬂ% sely] giae] Cat g A
A% 9gal st PDBY m#hE BATAT

o Ad Catr g AAY 4Fd M= PDBe
Faph 948 AdEs #FE F dd(Fig
2).

Table 1. Effect of 48-phorbol 12,13-dibutyrate(PDB)
on the electrically-evoked and basal tritium-
outflows from the rat hippocampal slices
preincubated in the presence of *H-norepi-

nephrine
Drugs at S, .

b,/b

(M) S,/S, 2/ by
Control 6 0.763+0.030 0.714+0.039

PDB 0.3 4 1.219+0.094** 0.919+0.051*
1.0 4 1.238+0.058***  0.869+0.084
10.0 4 1.509+0.073***  1.042+£0.046**

After preincubation, the slices were superfused
with medium containing 1 ¢M desipramine and 1M
yohimbine and then stimulated twice(S;, S;). 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,
(120~125min) and before S,(55~60min). Mean
+SEM from number(n) of observation are given.
Significant differences from the drugfree control
are marked with asterisks(*=p<0.05, **=p<0.01
and ***=p<0.001).
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Fig. 2. Influence of Ca*™* free media on the effect of
PDB on the electrically-evoked tritium out-
flow from the rat hippocampus. Legends are
the same as in Fig, 1.

Table 2. Effect of polymixin B(PMB) on the electrical-
ly-evoked and basal tritium-outflows from the

rat hippocampus
Drugs 30 min before S,
(mg) n SZ/SI bZ/bl

Control 6 0.802+0.041 0.727 £0.038
PDB 0.03 4 0.712+0.006 0.764 £0.023

0.1 4 0.403£0.020%** 1.189+0.080***

0.3 4 0.066+£0.010*** 1.95]1 +0.138%**

1.0 4 0.040+0.040*%** 5,091 £0.467***

Legends are the same as in Table 1.

2) Polymyxin Be| &1}

Protein kinase C2] A|A 2 €& 7 polymyxin
B(PMB)¢] &7 #2359 cH(Table 2). PMBE
0.03mgoll A FAZFE My FFAH 1mg F
zo o] 277x FA%d Hl#E NE f27ts
g Jdozgom, 0.1, 0.3 2 1mge FAA 71AH

g a4 2 A B 5 st
(Table 2).
3) Adenosine &uo| nDjXl= DPCPX,
PDB % PMBe| g%
Adenosine @ A -adenosine &9 A9z

S,/S,
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Fig. 8. Influence of 8-cyclopentyl-1,3-dipropylxanthine
(DPCPX) on the effect of adenosine(Adenc)
on the electrically-evoked tritium-outflow from
the rat hippocampal slices. In parentheses are
the number of experiments. Both drugs were
added to the medium 15 min before S2.
Asterisks indicate the significant difference
between groups(**=p<0.01 and ***=p<0.
001).

S,/5,

Y1 =1 =1 =1 =

® ® o) @

3

1.2 4

@ ?
0.8 @

‘ @ @

0.4 ?
i 7

- - 10

10

Adeno 1 1 3 3 . /.LM

PDB - 1 - 1 - 1

Fig. 4 Influence of 48phorbol 12,13-dibutyrate(PDB)
on the effect of adenosine(Adeno) on the
electrically-evoked tritium-outflow from the
rat hippocampal slices. Legends are the same
as in Fig. 3.

2 g Al 8-cyclopentyl-1,3-dipropylxanthine
(DPCPX, Bruns ¢t af., 1987)¢9 &322 #AZs}
¥t Adenosine2 T Fdjo] H#H 3t NE
S8E ZAAAL, DPCPX 2uM 1 A2 NE

K7t ot FARE 2 4 Agled FolF 3
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Table 3. Influence of PMB upon the effect of
adenosine on the electrically-evoked tritium-
outflows from the rat hipocampus

Drugs at S,
Adenosine PMB net effect of
(kM)  (mg) n S./S inhibition by
adenosine( %)

- - 6 0.759+0.037
1 — 4 0623+£0.063 0.126(16.6)

- 01 6 0403+0.020
1 01 4 0373+0.015 0.030( 7.4)
3 — 4 0453+0.047 0.306(40.3)
3 01 4 0.318+0.019 0.085(21.1)
10 — 4 0429+0.072 0.330(43.5)
10 01 4 0.297+0.008 0.106(26.3)

Legends are the same as in Table 1.

ol H#Eg adenosined] 212 NE §a 747}

DPCPX &4 stollA& F3lo] aAlddEE & &
3ok (Fig. 3).
5% PDB &A)3}o]| adenosine?] F#E =

sl g ri(Fig. 4). Adenosined] 913 NE Sz 7+
27t PDB &4 3telA ¢+d3] ags B &
At 9 0.1mg PMB ZA)38}4 A adenosine
9] NE #8 Zaes 24 945 Yeds &
T UAH(Table 3).

1]

I

¥ AT protein kinase C(PKC)e] A&l =
gAslAel  48-phorbol  12,13-dibutyrate(PDB,
Nishizuka, 1984)9] Fo& Fo gFoJEHo=
A7 A= 9% *H-norepinephrine(NE) 2] g
E Z7IXFT. o83 PDBY NE falaztd )
o} A}Zo) 2% axonal firingsll &Jst=AE Bl
Bz}l ste] Ade]&A NatE2E AAgozA
firingg 9A8t=  tetrodotoxin(TTX,
Singer, 1974)¢] <gS FAIFE v} 0.3 M
TTX ¢+ PDB $A15F9A] NE #2lam7r ¢33
AdEE 2 5 Utk &3 PDB FAA A=

axonal

og NE &8 F7HER ohdet 7Afe =3 5
] o] o]2d FHIL AE 9N

A
o

HA7ME #st7) Hate Ca*”
o] PDBe] aaE ##34
%3 sl A= PDBS &7}t
Ak ol A
2 mFo ol=ggyy AALRNA HEFHS
(action potential)el] ¢j& 45 NE fd n
x|+ PDBe] 43 AEdd 2tz & 4 A
o} ol#lgt AFHe F amygdala(Versteeg and
Wenkate, 1987) % E7]9] 3fu}(Allgaier e¢f al.,
1987)el PDB7} A=l 23] frExe NES
A& ZUAte RaEd AXR|gh.
AAAGED Feol Fodsts A3y 7|7
#tod s oy 1 AEI} e uvb glovt HE
PKC7} ojej7}A 417 dgEde] fed a4
F dtE Abadel ¥ ul 9th(Zurgil and
Zisapel, 1985; Wakade et al., 1986; Allgaier
et al., 1986; 1986). PKC+
phosphatidylinositol diphosphate7} M EZAE A&
of o8 sieEEi=o BAAEE diacylglycerold
of AzlHez #AHE &AW phorbol
ester 313+E o] diacylglyceroli} ¥)5:8F 535 U}
Eldo] #EE ] AAUA PKCe Al 9
°oj2 A7atEd glol PDBY a%E #ETo
A4 A ot} (Nishizuka, 1984). =3 PKCE oz
7HA FEE o3 AAE & ok (Takai ef
al., 1984) £3] polymyxin B(PMB, Kuo ef al.,
1983)9l oja) MeH oz dge] dHA vk
Allgaier®} Hertting(1986)2 E7] vl A
PMB7} ¢ ]38t norepinephrine -§2& 7+4
A7)a o}&# PMBr} PDBY a#& Add
gdee wudk v 9o 1 F Daschmamn %
(1988)2 7] sividlA PDB= NE &8 F7
2, PMB& NE §8 74E dof& Bud v
otk wetd AA ALEL FId #BAsE
PKCe] 9&< F9gstsd glo] PMBY A8
goaee 4480 2 ATdAE PMBY %
o2 2717t AT 3 NE 38 48 4o

Tanaka et al.,
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& HIT 4 A9t gebd £ 49 29 4
4 sk 24904 NE gl PKC/H $a8
Aee T F ALe AT A

#8 dvp 244 NE §2& AdRe ¥

27t FE&Ae &l ofaMTH(Jackisch ef
al., 1984; Hertting et al., 1987)0] olzt A4
HE  Ajadenosine F&A 9] Al A=
(Jonzon and Fredholm, 1984; Fredholm and
Lindgren, 1988) dAd 4 d&o°] Bud ul 3l
o} o} I AT v A #atodEs HEH] 4
&2 Hl gith. H adenosine®] F3 A7l A2
AAZgdle ZAeAre oA (Madison e¢f al.,
1986; Dolphin et gf., 1986) % Z& ZE=2¢] 8
A3 (Trussel and Jackson, 1985)¢] 2J3itt= w3
o] ¢o]o] Williams(1989)+ adenosine®] A7 Ag
E4d §8 7139+ second messenger
yet AlEglA] o] sFo] Wyt 8%
2} & ub Qo op& PKCe zg7]dd
27 8% 98¢ stz 2i(Rane
and Dunlap, 1986) o]z AAHE &4 T2
o] Z+gol+= PKC/t 8% 988 & 4 9
el A Aoh(Allgaier ef al., 1987; Fredholm
and Lindgren, 1988). 2 79} A % adenosine
o] NE f& Z2a37F A-rgAe A998 2d
A ¢l 8-cyclopentyl-1,3-dipropylxanthine]] <} &
AABe Jonzon# Fredholm(1984) % Fred-
holm#} Lindgren(1988)¢] adenosine2 HJH%-

o
¢
i

[o}

-

H&

w2

[o]

=

A-FEAE §3ted NE /8 Z4g dozldes
Hie}l dx3lr). 83 adenosinee] &332 PDB
9 FA #BEFsHLw PDBY} adenosined) &

B}E 2§ phorbol ol ~¥ 3§8E == PKC
A A E0) oocyted) A} adenosineinduced K*-
1985) & 4 Qi
3w} pyramidal M EE9 A adenosinee] A A
#Z A (Worley ef al., 1987) & 4 Qut= 1
253 dx3e PKC7F adenosined] A;-
adenosine #=&A & 5 NE 8 Ao #9%
F UtheE AL Ay obgd B AFgA
PKC <j#|A4|¢1 PMB &9l A adenosineo] &7}

o

currentE 2}tk (Dascal ef al.,

A AA gL oy AMAE A I & F
Ak, 28} Fredholm®} Lindgren(1988)2
o AEkeld tE TR N
phenylisopropyl adenosines] 2]t x}= <3
475l NE 747} PDB o o 4L WX
Gt BIn 9o Huk A A2 gdo=
Fpaord HAet A4HE

ZAeHoz # #rllx PKC &= NE &
93 Agydy 98s 3t 2}%01 FAEE A
adenosine 4=&4 9] postreceptor 7] Aol #FAE
i glegs FE2E

adenosine

| =

47 #ivllA NE f2o] wxx PKCe| &g

2 adenosine &A 2 postreceptor 7]F ]
PKC7} @9 3t=AZE 793yl 3t °H-

noradrenaline(NE) 2.2 A7 &n} =& & A
&3] SHNE g wux= PDB, PMB H
adenosine?] 33L& H#H&A3 4.

PDB(0.3~10 pM) & A7)z 9J¢ NE f2
g 8% g&EHog FyMAH e, TTX(0.3 M)
Axe L Cat*-free Y% 3= 1M PDB
o] gart 9As A24EE B 4 st PMB
(0.03~1.0mg)E A=l <% NE fE &F
gEFH o2 ZaAF o ou 7IAKHE M
= Ag B 4 Yok Adenosine(1~10 M)
AZo] ¢3 NE %28 HaAzoen o ads
2 M DPCPX FAIFold o3 438 45U
t}. Adenosine®] NE §8)7+4 F3l= PDBef| ¢
3 A3 2wEn, PMB A1 Fod o8] =A
AAE S B & AN

o)alel AdAzz PKCE 3z 3sinte]A NE
fgo 2ad 4T Bl LS & F UoH,

48 & JAIs= Aradenosine &4 9] post-
receptor 7| AN E Tt Y= AoZ FZ5d
=3
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