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ABSTRACT We used 3. 4—diaminopyridine (3.4—
DAP) and 4—aminopyridine (4—AP) as stimuli for
evoking [*H]norepinephrine {*H]NE) release in rabbit
hippocampal slices to investigate the mechanism

underlying the aminopyridines evoked [*H]NE release

and the effect of protein kinase C activator phorbol
ester PDB.  3,4—-DAP and 4-AP evoked PHINE re-

lease were concentration dependent and enhanced by
phorbol ester PDB.  4~AP (300 ymol - L") evoked
PH]NE telease and enhancement of this evoked re-
lease by PDB were antagonized by proiein kinase C
inhibitor polymyxin B and almost abolished by
fetrodotoxin. N—ethylmaleimide inhibited the
Facilitatory effect of PDB on 3,4-DAP evaked ['"HINE

release implicating that G—protein is involved in the
modulation of evoked [PHINE releass. 3,4—DAP
cvoked alsc doprRmine release in caudutes necleus,

and acetylcholine release in hippocampus suggesting
that the mechanism by which 3,4-DAP evoked trans

mitters release is similar to that of electrical
stimulation.

KEY WORDS aeminopyridines; hippocampus,;
norepinephring; protein kinase C; phorbol esters
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PDBYRIEHEE MM C IniEix —F BN K
L HFAE.

MATERIALS AND METHODS

HEWARAF PHIEHE LRE () ring—
2,5,6—'H}-norepinephrine, [HIJNE, Amer—
sham), 7] ¥ B cocaine HCl, 3,4—— & it
34-DAP), 4—%
E: M BE (4—aminopyridine, 4—AP), MY ELE
B (4B—-phorbol 12,13—dibutyrate, PDB),
FX B % (ictrodotoxin, TTX), ZHBE X B
{polvmyxin B sulfate) (Sigma), N-Z FENI T
M — B ¥ & N—cthylmaleimide, NEM,
Merck); Soluene 350, Lumagel (Packard).

H, ? XFHA, KE25+SD03kg. B
¥k, &R, BA4CHEHEER. F6-8CTF
SEMEE, R Mcllwain SHE! T #1, HHOR
FHEHEE 04 mm M. AEEBEHEH
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¥ 5. A 2 ml & [PHINE (1.6 TBq-
mmol™, 0.1 umol- LAY 4: FyEHE, 37CI%
B 30 min, BAEEBERKK IR, BEA
MU AER Il WHEK/IE, 14,
HA Smg, M lmlemin WEHGTHETHE
. A ME AR 2 (mmol - L™Y: NaCl 118,
KCl 438, CaCl, 1.3, MgSO, 1.2,
NaHCO, 25, KH,PO, 1.2, ###® 11, i
i & 0.57, EDTA —#iih 003, H 95%
O,+ 5% CO, #af1, Hi NaOH i@ pH ¥ 7.4.
WHA, AMITEEQGO pmol - LY. B
4Smin f5, HRHUHBREBREAWEKRA, &
S5min 1 ., MAREER lumagel 7 ml,
H{XRPH &8, B K A soluene 350 0.5 ml 7%
s, MARER 10ml, SREUEHSE.
ER BTG 60 #1120 min, BHEES?2
WIS S, A1 S,(3] A 3,4-DAP 200 gmol »
L™, 8K 2min, DBLPHINEBK A¥
FEW 2 WORIB AT 15 min IUAZEH. DRI
L3S A R BN B IR g O i AT R RR A B
Y ERERE L 2 KBTS AN
PHINE S,/ S, WRFEF#, FEEEH
+SD #xn, i REMEHEZMNBEE.

RESULTS

34-DAP EZPHINE B, W BN GiE
BB (PDB)ZHE — FER RIS ER %43
H—E W 3,4-DAP T|H KL 2 min,
%W 5 Wi N PHINE 8 9% 1% ho(S). # %
3,4-DAP Bf, BHGRAEEE B HRA T, X
HIWAIIA 34-DAP EHE, BEBAR
SOBATH 1. S,/ KN 1.22+0.05.
MFES 2 T A 3,4-DAP 221 15 min, #0
PDB 1 umol - L™, MI% 2 Wik KB (SHH
B¥EWM5E. Tab 1 BRAE¥E 3,4-DAP
(30—400 pmol - L™ % PHINE B, M E
PDB I 1ER. aTLLF B, 34-DAP M
30300 gmol - L' % RHINE 8 & (S8 ¥

.« 29 o

BEME BN B, 7 3,4-DAP 300400 ymol »
L7 e B OA TR T . £ 1 A C iE
PDB MR T, 3.4-DAP i& % [PHINE B K
(SO bl 3,4-DAP WM MM A, T S,/ S,
H{EBRHF 40, 5 3,4-DAP AHEBET .
4—AP IRfEE A% T BEHINE, £
HIFME T 4-AP BE A8 34-DAP &, £
# B &84 PDB 76, 4—AP HE[HINE
MEM UM EKWIE, ™ S,/S, AN
2.5, i PDB WHERIER £ 4-AP B AR K
Bl 3 H /P T-#E 3 4—-DAP BE B (Tab 1).
Tad 1. 34-Dlaminopyridine and 4-aminepyridine—

evoked ["HINE release from bippocampal slices In the
absence and presence of phothol ester PDB. x t 5D

Evoked overflow of 'H
{% of tissue *H)
S(-PDB)  S,(+PDB)

Drug n
{pmol - LY

5,78,

3, 4—diaminopyridine

30 4 0.30+0.03 141 0.02 434
100 6 L1.87x0.38 671t0.12 370
200 20 3751040 1239+ 0.74  4.04
100 6 64010.18 24.39+035 3182
400 6 (701036 26072+083 185

4—aminopyridine
100 4 0.611008 1.60+004 265
200 6 0791013 2021017 253
300 6 205x0.17 3931029 191
400 4 3172002 7.712022 243

TTX 1 polymyxin B ¥ 4-AP 3 & B M
L% PDB MERERBOORE £ 4-AP B
EPHINE Bh, RBEATMES TTX Al
F A C Wi polymyxin B 41 4E
A .M Figl 5fLLESD|. 4-AP 300 unol - L™ i
HPHINE B S,/ S, AN 1,00+ 006, 7€ S,
Z Wl 15min JUA PDB 1 umol - L™, S, 89K
BN, S,/ S MEARE 1.51£0.12. 3%
5 PDB WM fim A TTX 0.3 ymol« L™, Al
PDB ¥ fE BT 2 N, S, / S, L{EME
B -0.02x0.01, A& S, Z B 45 min i A
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« 30 -

polymyxin B 100 umol - L', 4-AP R 8B1
AFJLF T 2ME. Xt S,/ S, HEX 0.004
+0.01. #% PDB 4 polymyxin B 254 A,
W PDB 38 4 B AR B, S,/ S, KR
0.11 * 0.04.
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Fig 1. Effect of phorbol ester PDB (1 zmol - L") In the
absence or presesce of protein kionsse C Inhihltor
polymyxin B {PMB) (100 umol - L") or Na*~ chaonel
blocker tetrodotoxin (0.3 ymal - L") on 4—AP (300
wnol + L") —evoked [PHINE relesse In hippocampsl
glices. n= 46 ohservations from at least two separste
experlments; x*+SD; "“"P<005 "TP<001 s
comtrols,

T K% T 3,4-DAP E%HINE B
LB PDB XHEZ MM MEEER S, 20
40 min M E K*. 3.4-DAP 200 ymol- L' {}
BEi% ZCHINE B, (B S,/S, LENEX
1.22+0.05 RE{ED] 0.59+0.04. HEEL K" HR
T. #£ S; Z 8 15 min i A PDB ! umol -
L™, 34-DAP & Z[PHINE {h B E 4 i
|, HS,/8, WEMNEWY 405+ 0.25 B
1.58+0.13,

JLFMEREBRRAERT 34-DAP 8L
CHINE SRR PDB S ERMER HT
M 3,4-DAP ¥ R HINE 8% S EH R
He/ER, MNWE T o K E M oxaprotiline
%f PDB I3 3,4-DAP i% #[H]NE B &
. Fig3 BARTXEXRER, YT RE30
pmot « L7'hp\ 7 B B o7 M = ot (O B4,
3,4-DAP (200 umol + L™H3EMPHI|NE 8Bl

werlipw ol "H (S, §)
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Fig 2. Effect of K'—free medium on the enhancement by
PDB of tritiam overflow evoked by 3,4—DAP from
hippocampal] slices, Upper curve (A); K was omlt-
ted from the medium 40 min before S,. Lower (B):
K" was omitted from the medlam 40 min before S, and
PDB {1 gmol - L") was added to the superfusion me-
dium 15 min before S;. S,/ S, values are given above
the curves, ouwmbers of experiments in perentheses.
"**P<0.01 vs controls.

S, M 338+ 0.06%F &3 5.08%0.19% (4
#I°H fa &% 100%), P<0.01. T H PDB
(1 pmot+ L7, S, Z B 15 min jn A )X
3,4-DAP % % B 10 B0 58 AF FA W %F R A 349
+25% (B FEYA BB SR 6122 62%
(BT EH), P<0.0l. YEBIERIERSF
B oxaprotiline } gmol » L™ BT £ B/, 5,
HHELAH RE R 7.3610.38%, B X HE
® e E P4, T PDB #in 34-DAP iR
CHINE B8 x4 546+ 51%. 1B AF
AREH, (B5% HALHBER.

R NEM BB A £ PDB 3
3,4-DAP EZHINE BEREN T H%
ZHRESHESEQGERD)REST PDB
% 34-DAP FRBERIMBERMHAY. 85
B EEHRRPHINE 2 A5 S5 NEM 30 gmot
L™ {8 30 min. WW B NEM HLH B A
& 3,4-DAP 200 amot « L' i R[’HINE B
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B, Hxf A S,/S, tL{i 1.20+ 005 (X
PDB), 3.75+021(# PDB). #iX® PDB ¥
M 3,4-DAP & £ B Bl % M Ay 325%. &
NEM FiAbHH S,/S, tb{H 1.15£ 0.08 (¢
PDB)#I 2.15+0.07 (£ PDB). #iX & PDB {Y
WMEFEZBRERI M B 186%. X%
N—ethylmaleimide #4947 PDB W3R FER B
FI{E .

Aqr r A

Lot

i)

tof m —
—

-~— PDB — PDH — DA
{— ] {¢ocainc)

Evoked overfNlow of  H (% of ussuc—"Hy
[}

{onipraring)

Flg 3. Effect of cocailne and oxaprotiline om the
enhancement by PDB of tritium overflow evoked by
34-DAP from hippocampal slices. The columns In
the figure should be inteypreted as follows: the positiom
in the Mgure {low emd of the column) indicates the
amount of tritlam release at S;, the height of the col-
umn represents the differeuce S,—S,, both in % of §
experiments, “‘‘P<0.01 v+ coatrols.

3,4-DAP X BB LH- % B R EIB
B H L BN P H-RE W H-SHT 4% 35
FR{ER 3,4-DAP B EE® A NE B 5.
EREHEERER TS RSN /IR K
F| 3,4-DAP 200 pmol - L~' BE7F 3 5 3 K
CHIDA MRE R A Li%RPHIDA Bi. & S,
SIRMH SESAH B RM 3612
0.34%. PDB (0.1 pmol - L™ B s et &
Apomorphine ({1 pmol. L™H8 % i B 4
34-DAP R PHIDA Bik. HEHSER
PHIAD & 04 %5 3 B B L (X B3] & °H 4%,
PDB REEMIR E (R K BIR), T 3,4-DAP
200 pmol- L' HISE £ RN ¥ £ # K

.« 31 -

PHISHT BB H 8 %1% 2°H 4 38, PDB 3
K BRITMER.

DISCUSSION

BRIMNYEERHET 34-DAPEBREL NE
e, BT AR A B O A R Tl (L),
MM e ER MMM, &% E
3,4-DAP # PDB [Wid i FIfF, LRIt
— 4 HRPHINE Bi'®, {HY 34-DAP BT
200 gmol « L' B}, £ 5 PDB ™4 B A
FtEM. MPHINE BEGEBIATY BB, BT
P, T S S T B 5 R A T T R R, i A
3,4-DAP 200 gmol - L™ SE£08 T s I3y
fER. 4R K'EEMMENER,
34-DAP It 4-AP & 50 487, WiH L HINE
BRER, MELHAREN 2 & HEREEY
2, REW—#EERK 3,4-DAP (30-400
gmol * L'WE# R ’HINE $ . PDB 1 gmol
L' BAEX —HRBEEE 3 &, WX
4—AP (100-400 umol - L™"), PDB H{#i{F &
B 1.5 4%(Tab 1). XBRTFTSENNSTF
HHWEX, WHEFEB AN LEF—TEE,
BRZHEMNT 45N MEES.

34-DAP 1 4—AP % £ [PHINE 8B & xf
TTIX BESRBREHAENE FRAFBREBR
DR PR ERES, MED. HEF(Fig2)
MARERZERBORE. MILXREEE
H 404430 v E#0 onaprotiline %9 bk 8 T (Fig
NEE—HXBFARAETFROEEER ,
AR -EERER NE S#EPH Y. 5K
LE#AERTRBRERO T TRARENE
35 8 2 T BEL B Y (o1 N S F R A4S, ik
YEREPTATTEHE, 34-DAP F &
PHINE B i RFE1E. PDB MimiR/E M- B %
WK 5

34-DAPEREORN NEAFE T
R ERAEM. I EOKEE C K
ERAmEHAtafmE e, X TTX M
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M Ca® R ikEEE, G-HAEEMN
- WERR A-NE N K-S2HESREHE
O3 RYY, WA 3,4-DAP AL RBEER
ZEEK, BREIBKZBE®T. BEREH
RGO S-HTY, BB EIINERIEAR
st HEmE.
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ABSTRACT The extracellular (DA) and 34-
dihydroxyphenylacetic acid (DOPAC) in rat striatum
were measured by in vive voltammetry to elucidate
the effects of 3 tetrahydroprotoberberines on DA
neurotransmission. /—tctrahydropalmatine (/- THP,
2mg - kg™Yor I-stepholidine {/SPD, 0.5 mg - kg™
iv increased the striatal DA release by 225% and
233%, respectively; and /~SPD increased the
DOPAC level by 70%. Moreover, the cnantiomer

d-THP (2 mg~ kg™") increased the DA releass by
97%, and a large dose of d—THP (20 mg - kg™
dramatically increased the extracellular DA by 1456%
while it slightly elevated the DOPAC level by 123%.
These results support the previous ideas that /~SPD
and [/~THP can block DA receptors and —THP can
deplete neuronal DA,
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