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Effect of extracellular calcium on enhancement
of wnorepinephrine release in hippocampus by
phorbol ester

HUANG Hua-Yu, DAT Shu—Ping{Shanghai fnastituie
of Physiology, Chinese Agademy of Sciences, Shanghai
200031, China)

ABSTRACT Rabbit hippocampal slices were
preloaded with [*Hlnorepinephrine { [FHINE) and
superfused with medium. Tetrodotoxin(TTX) inhib-
ited ["H]NE release evoked by high K*, but did not af
fect on that evoked by Ca?*—pulse. The facilitatory
effect of phorbol ester {PDB) on high K*—evoked
PHJNE release was elevated with increasing
extraccllular Ca® concentration. In the case of
Ca’*—pulse—evoked [PH]NE release, the enhancement
by PDB was decreased with increasing Ca®* concen-
tration in the extracellular space. It was suggesied
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that the facilitation of Ca**—influx was not involved in
the mechanism of action of pratein kinase C.

KEY WORDS hippocampus; norepinephrine;
protein  kinase C; phorbol eaters; calcium;
tetrodotoxin
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MATERIALS AND METHODS

;A ER HEBRHFLERZXK
(i~[7,8,->H] norepinephrine, ’H)NE,
Amersham), % — T Jg & (4f—-phorbol
12,13~dibutyrate, PDB)5 W[ K % ¥ (tetro~
dotoxin, TTX) (Sigma); Soluene—350
(Packard),

%, 4AH 2.5+SD 03 kg, £ S3kM, B

S, BMAM, BA ACHEESEHE, F 48T

SBEY, B Mclwain H 80K LR R
R E AT —), BiA04 x0.4 x4
mm)A ¥ EHE BB F. M APHINE 0.1
y)mol /L 4 mi(1.6 TBq / mmol), T 37CHRE
W min, FERBREBEFERRE IR, B
BTHERN 00 HBHRSHZF, BEN
10-20 A, BiH 8 T REAE R A2 FGEE
# 10 mm), # 337C F TR & ¥ 1
ml / min, ¥ M X cocaine 30 ymol /L. %
IR K W E W (mmol / LY: NaCl 118, KQl
48, CaCl, 13, MgSO, 1.2, NaHCO,
25, KH,PO, 12, # H B 11. {7 ¥F 0 &%
0.57. EDTA #1£& 0.03. 8 95%0,+5%CO,
kffn, A NaOH i& pH £ 7.4, T Ca¥*-
% ZPHINE BBy, WRSE
Ca**/K* 30mmol /L.

W SOmin 5, FEWERELEK. §5
min LE—HHESE, NMAEEENEH &
B EENMEHRRLER 2 R E K30
mmol /L fAEBRBE R RS ARG Ca™ ki fEnyzE
EREBDERPHINE B, &K 2min. 3 1
WF MM 60 min /5. H 2 ¥ 120 min JE(S,.
Sy). HAMEWY N Ca¥ K K'EERFHE
Enf, —FEMWRBE D EES CaCly 5
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KCl 8 E R e R F A S0 FEMN
NaCl, XEMSBEESH CI- RERFEEA
F, SRS HRNEERERFIER.

BWHEHRIS., F Whatman CF/C B4
KHEER, B E#HAE 1 m Soluene—350
W, IRPNSEHE, IR AR M TH

EEHTH P& BABRK S, S, 5%
BHIHE 20 min EHERZANH § i 5B
HPH RBRA%. PIERAL S,/ S, ik x
R, BRA X tSD, B RBRIHRE A2
BB EfE.

RESULTS

BRNMTEAEEFEETEBEFTER
PHINE Bigaa %M 4 58 Ca™0325-26
mmol / L FIBRA AWM . 60min 5.
K*30 mmol / L % Z[HINE B#(S,). M Tab
1070, S, R4S Ca™ M 5E 3% hn i 25
i, BEE Ca¥MRIK 0325 mmol/ L 58
HE 26 mmol /L 2 BIIFAFEHBNE
A, S, 5F) K 5.78+ 0.53% 1 5.04+£0.77%.
EHEMNETRAESFT, PEMNES K
Ca**/K* 30 mmol /L, MBS KRN
FHELTERAAME, BREFRABPRS
Ca™, WRMHMBRATEELE. M, #
B LVE BT[] (2 min) —EMRBER Ca™ Bk,
PHINE BB B0 & 4, Tab 1| B T X Ak Ca?*
B i R B, 0T LUE B PHINE BCRE Ca®
B ENEETNE, AERS Ca’kE
2.6 mmol / L B, BB TKF.

HEFENMHR TTX W K'Y Ca™
BRhREBRANER BME®KSY Ca 13
mmol /L, B K* 30 mmol/ L i % ["HI]NE
B, T S, 28 15 mn it A TTX 03
umol / L, %PHINE % £ % 5 43 Bt i i1
H.S8,/5 WM EA 089+ 0.02 F{E3
TTX HH 070+ 0.02 (P<0.05). EHEER
%H#HTF., WEMRBEEX C¥/K' 30
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Tab 1. Effect of extracellular Ca®™ on [PH|
porepinepbrive {fH|NE} release evoked by K* (30
mmo! /L) amd Ca*-—palse. Hippocampal slices
preloaded with [PHINE, were saperfused with Ca™  and
stimulated by K* 30 mmol./L, or smperfesed with
Ca®* —free medinm contalnlmg K* 30 mmol /L snd
stimulated by Ca?*. Stimulation with K* or Ca?* (for
2 min exch) was performed after 60 min of smperfasion
(S, value). x i SD; Number of experiments (slices) in
pareatheses.

Evoked overflow of *H at S,
Ca®* (% of tissue—"H)

(mmol /Ly K* 30mmol/L  Ca*-—pulse
0.325 5.78 £ 0.53 (6) 1.21 £ 0.14(6)
0.65 7.10£ 0.62 (6) 3.05£0.30(10)
1.3 6.03 £ 0.63(20) 521+ 0.84 (6)
2.6 5.04 = 0.77(6) 6.08 £ 0.66 (6)

mmol/ L, f Ca*13 mmol/L XM,
TIX AEEBENM AR . RE 0.78
+0.04, TTX 4 0.70+0.02(P>0.05).
% C ROME 7 PDB X K'sf Ca®*
Bk i% & CHINE R A msE8{EA M Fig 1A
AL, WM Ca®' ik 1 it & 0.325, 0.65,

of contiol)

120

1z

Evoked ovallow of 'H (5,75, %

[P (L] 13 zh

Cal” mmols L

Fig 1. Effect of extracellular Ca’* on emhancement of
evoked ["H)NE release by phorbol ester (PDB).  Slices
were superfused with medium containimg Ce® wnd
stimulated with K* 30 mmol / L (A), or superfused
with Ce®'—free medlum containing K* 30 mmol /L
and stimulated with Ca'—pulse (B). PDB was added 15
min before S, onwards (hatched columm). A=4-10

Slices from at least two rabblts. ¥ = SD. P> 0.05,
*P<DlS, “""P<0.01 vs controls.

1.38A 26 mmol/L, F S$; ZRI 15 min I
A PDB 1 umol /L M EEDR ¥ HmimiE K30
mmol/ L % E 8 PHINE B, SRiERE
WP Ca" WM EF R IMR, HEARS
Ca®' ik B (2.6 mmo!/ )i}, EINBEIER 5%
BETAES. M Fig IBA/L, MERETL
Ca® /K*30mmol /L, M SFBaTMAFEM
ERFEWPLTEZW|ARSE. RS, Z8 15
min il A PDB 1 umol /L. 2%} Ca®* 0.325-
13mmol /L BEMNBERA D EHNBIER.
B2 ZHMEMAE R CaV' i ENERTMS. A
Ca®* 2.6 mmol /L i % HINE #& & &,
PDB F 8 BEMIMRER.

FEEEGRARSN Ca® R BEXT PDB H0iE B¢
Ca” Bk iE L CBINE B 9%mM Fig2 A %
MM A RE Ca’t 0.325-2.6 mmol/L, A
K* 30 mmol/L EXMIK, 7 Ca? 0325
mmol/ L B, PDB 3% % % ¥ 48 K 3¢
WA 130 %, REFAMI Ca> BN TR,
MR mEBEHFR, B Ca®™ 2.6 mmol/L

-
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Fig 2. Comparison of the enhamcement by phorbol ester
{PDB) of [*'H|NE release evoked by K* 30 mmol / L
{A) or by Ca*'—puise (B). n=4—10 observations from at
least two separate expetiments; x * SD.
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i, ALY A 160%. Fig2B &5, M
P % K0 mmol /L, AARE Ca¥'ife
%&£ PHINE B, @& B335 4k 5 7 IF 48
£, & Ca™ 0.3125 mmol/ L i, PDB i3
B PIAE N AR 158%, REHFMBISF Ca®tik
EeiE, HRXELMBEME. £ Ca¥ 26
mmol /L B, [HINE B i % # 52 % |6
12%.

DISCUSSION

AAEARMALS L, PDB W3R RHEH
Ca¥*'iy iy A5 ME™S. MR, PDB HiEED
MW C, I3 SPHINE B R % il ik
Ca" M EH, MAEEEY. 2XTREE
B, YIS EmEsbinA Ca¥rd, Ca?t
HEAMERHEY, SEHEY/IMHLRE. PDB
BRI SR ER AT LI BN PDB ISR T
Ca**™#i. = PDB #1 Ca® £ NE Bt
b= PR A

R, B K30 mmol/ L % £ & HINE
BRARMAKMSY Ca" ENIRETM L. M
PDB X X — 5 BB A %) b 53 4 R 4R B Bl
s Ca™ R BTN, dEKR, B
Ca® ik rhi% & HIPHINE B B &0 B #h Ca®' ik
B Mg, vJ2& PDB WX —BEHEE
B ARFE D R A M 4F Ca® IR R T L
5. TRERFAFAIFESHEE C HFEGN
SR[HINE B 28 A8 8 LA Ca™ %k
SR

£ BRI PR R SR b, BT
B TTX ) & 8 % R B A R ¥ 69ip B4
M, WSk EERBNDHEDTSITE
X, R WEERHG RS KHBEERE
. BREEEREEIFEL T, SIEMNS T
IR PN BN SR AR o T e A st
A5, WA O P9 A S5 F W iB R CHINE B
. Bk, BEE CaltRIKEE FPHINE B
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WMEA&R, REMMRS Ca® ke, BEA
Fim, WiEEN TTX A8R, HWESE
B AL B R R LIS R SR L 60 P R BN TS
FHES FHERGPHINE B Rk K30
mmol / L 3| & F 28 F O B e 38 4% 1L 57 51
P I EEE F HUTDLE, B R B A
S Ca¥ R BEEOR BTN, HAh, FERMLIAT
BRI T/E IR 1R %D, PDB % NE B i 690 7
fER S R EE T HA — ERERD. ym,
KA ERD, TTX X LR XFRE & B A
BRKEREA 2R, BFRERL, B B
TR & PDB 3 LR iX % R B A
ARRMREMNN EEHE, RNELHR.
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