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3.4-Diaminopyridine facilitates norepinephrine release

in chick sympathetic neurons'

HUANG Hua-Yu. ZHOU Cheng-Wen

(Shanghai Institute of Physiology. Chinese Academy of Sciences. Shanghai 200031, China)

AIM: To study the mechanism by which 3,4-
diaminopyridine {DAP?} facilitates electrically
evoked [*H]norepinephrine ([*"H]NE) release
in sympathetic neurons from chick embryos.
METHODS : The neurons were incubated
with ["HINE or Fura-2. [*HNE release or
[Ca** ], was determined. RESULTS: The
electrically evoked [*HNE release and the el-
evation of (Ca®t ], were inhibited completely
by sodium channel blocker tetrodotoxin
(TTX). strongly by the antagonist of N-type
calcium channel wconotoxin GVIA (CTX).
and slightly by the antagonist of L-type calci-
um channel {—Yisradipine. but enhanced by
the agonist of L-type calcium channel Bay k
8644. 1In the presence of DAP, the electrical-
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ly evoked ["H]NE release and [Ca®t ], were fa-
cilitated, the inhibition of [*H |NE release and
[Ca’™ ] by CTX was attenuated. but that by
{— Jisradipine was enhanced, and Bay k 8644
was no longer effective, CONCLUSION, In
the cultured chick sympathetic neurons DAP
facilitates electrically evoked TPH]NE release
mediated by enhancement of influx of external
Ca®! through the L-type Ca*t channel.

KEY WORDS
epinephrine ;

sympathetic neuron; nor-

3. 4-diaminopyridine; calcium

channel; wconotoxins; tetrodotoxin

The discovery that calcium is necessary
for the release of neurotransmitter led to the
calcium hypothesis of neurotransmitter re-
lease "’ in which release is initiated after an ac_
tion potential by an increase in intracellular
calcium concentration near the release sites,
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Through which calcium channels the extracel-
Jular calcium enters into nerve terminals ?
3. 4-diaminopyridine (DAP?Y evoked [ ‘H Jnor-
epinephrine ([‘H]NE?} release from rat hip-
pocampal slices and the influx of extracellular
Ca’t was mostly through the N- type calcium
channel, but not the L-type calcium channel,
in the process of DAP-induced [*H]NE re-
lease *'. In the present investigation we

determined electnic stimulation - evoked

["H] NE release and intracellular calcium con-
centration ([Ca*~ 1) in chick sympathetic neu-
rons to compare the effects of N- and L-type
caleium channels on the facilitation by DAP of
electrically evoked ["HINE release.

MATERIALS AND METHODS

Chemicals 1-t¢7.28-'Hlnorepinephrine ¢([’H]NE,
Amersham 1; DAP, tetrodotoxin {TTX). Fora 2-
acetoxymethylester ( Fura-2 ) ¢ Sigma )}, w-cono-
wxine GVIA ¢(CTX, Peninsula: England 1; (— )is-
radipine tIsr ', Bay k 8644 ¢ Baver). Rotiszint.
Soluene-350, Ultima-Gold{ Packard) . TTX was dis-
solved wn sodium citrate buffer. pH 4. 85, Isr. Bay k
8644, and Fura-2 were dissolved in Me,SO.

Cell colture The paravertebral sympathetic gan-
glia of 14-d-old chick embryo was collected in phos-
phate-buffer saline (MaCl 138, KH,PQO,1. 5, Na,HPQ,
3.9 mmol L7 and digested in Dulbecco’s Madified
Eagle Mediom (DMEM ) (DMEM 10, glucose 1.2 g
L7+ wsulin 10, gentamycin 20. streptomycin 100,
penicillin 100 mg L', with tevesin ¢0.1 %), 36 C,
3 tin.  The neurons were planted on polystyrol discs
¢5 mm. covered by collagen) and kept in culture in
DMEM with nerve growth factor. 36 C, 5 ¢ CO, for
4 d.

["H] NE release  Neurons preincubared with
FHINE 0. 05 pmol L™ (1.6 PBg mol™), 36 C, 50
min in a 5 26 €O incubator were transferred to small
chambers between platmum electrodes 15 mm apart?
and superfused with medium. Samples were collecred
ever¥ 4 min at A0 min after onset of superfusicn.
After 95 min the neurons were stimulated electrically
¢36 rectangular pulses, 3 Hz, 0.5 ms. 40 Viem, 70

mA ) to indure ['HZNE release. Drugs tested were

added to the cuperfusirn medium from 12 min before
stinuwlation pnwards.  Medium  composttion: NaCl
134+ KCl 1.5 HEPES 1n- 0. NaH, PO, 1. 2, Mg50, -
THAO 1.2, Call - 2H,O 1. 3. glucose 11 mmal L™'.
pH 7.4, (Oxaprotiline 1 pmol L7 was present
throughont the superfusion to block che reuptake sys-
tem of NE. At the end of superfusion the neurons
were dissolved m Solueune-350 and added Rotiszint and
the samples were added Ultitna-Gaold before determi-
nation of tritwm content'* .
Measurement of [Ca®* ]
was determined”™' using a Ca®” indicator Fura-2. The

[Ca?" ], concentration

neurons were lilcubated with Fura-2 3 pumol L7, 36
C. 30 mua. and then transferred io a closed chamber
for superfusion with medium composed as same as that
Fluorescence

A, 340

in the experiment of {'H_NE release.
measurements were made in a Ca*t analyzer.
and 380 nm. and Aa310 nm.
Calcolation and statistics
outllow of “H was calculated by subtraction of the

Stimulation-evoked

basal outflow Irom the total outflow of 'H obtained
The baszal

outflow of ‘H was assumed to decline linearly Iram

Irom 4 samples sfter onset of stirnulation.

the sample before. to the 5th sample after the onset of
stimulation. The evoked-*H outflow was expressed
as "4 of the “H of the neurons at the onset of the
stimulation.  [Ca“* ], values were calculated from
Fura-2 fluoresence ratios of 340 and 380 nm™. Al
results are shown as meansts. The significance of
differences between the groups were derermimed by

Student’s ¢ rest ™.

RESULTS

TYX. CTX. (—)jsradipine. and Bay k
8644 on electrically evoked [°H | NE release
and [ Ca’ ], concentration TTX 0.3 pmol
L7! added 1o the superfusion medium 12 min
before stimulation almest completely abol-
ished the electrically evoked ["HJNE release
from 2.364+0.15 % to 0. 13+ 0. 09 % (inhibi-
vion of 95 %Y. [Ca’" ]| was also reduced from
13010 nmol L.7' to 5542 nmol L™'. CTX
0.1 pmol L' added to the superfusion medi-
um 12 min befeore snmulation inhibited
['HINE release to 0.43 % £ 0.9 % (inhibi-
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tion of 82 %) and [Ca*” |, to 703 nmol L.7',
['HINE release was attenuated by lsr 1 pmol
L "t 1.95+0.18 % (inhibition of 17 ;).
Bay k 8644 (Bay k) 1 umol L.~ ' enhanced [*H ]
NE release to 4. 65 % +0. 41 % and [Ca** | to
375415 nmol L™'(Tab 1.

Tab 1. Lffects of TTX. CTX. Isr, and Bay k 8644 on
evoked [*H NE release and [Ca*~J,, a=6— 20 discs.
Fxs5 “P<0-05, “P<<0.01.

Drug/ Evoked out flow of H/ [Catt]/
prmol L7 1% of tissue ‘H n nmol L™ »n
— 2.3610.15 20 130+ 1u [
TTX 0.3 0.13-0. 09 10 % 6
CTX 0.1 0.43%x0.09° 1¢ ToOE3 6
Isr 1 1.900C. 18 [ —
Bay k 1 4. 600410 [i} 375x15° 6

DAP on evoked [*H ] NE release and
[Ca®" |, concentration DAP 10, 50, 100, and
200 pmol L7 added to the superfusion medi-
um 12 min before stimulation facilitated elec-
trically evoked [*H]NE release and elevation
of [Ca® ] in a concentration dependent man-
ner. [*H]NE release was increased by 8 %,
53 %7, 104 Y. and 117 %0, respectively, and
[Ca®" ], was increased by 13 %4, 67 %, 167 %4
and 175 Y. respectively (Tab 2}.

Tab 2. Effect of DAP on evoked [*H]NE release and
[Ca*~],. m=6—14 discs. TTs.

Drug/ Evoked out flow of T/ [Ca** 1/
pmol L™ 94 of tissue *H n nmol L™' =»
— 2. 401 0. 20 14 120410 14
DAP 10 2.6040. 18 10 135+10 g
st 3.68x0.20 10 anx12 f
1060 4, 90X 0. 30 6 320+12 6
200 5. 2010, 32 6 330114 G

In the presence of DAP, TTX, CTX. Isr,
and Bay k 8644 on evoked [*H |NE release and
[Ca** |, concentration The neurons were su-
perfused with medium containing DAP 100

pmol L=', the electrically evoked ["H]NE re-
lease and the elevation of [Ca*~ ], concentra-
tion were augmented to 4. 50 %5 4-0. 32 % and
320+ 15 nmol L™’ respectively. TTX 0.3
pmol L' still strongly inhibited the evoked
[HINE release and [Ca®*]. CTX 0.1 pmol
L~' decreased evoked [*H ] NE release to
2.35 %4+ 0.12 % Cinhibition of 48%} and
[Ca®], to 2304+ 10 nmol L™'. Evoked [°H ]
NE release was reduced to 2. 00 %4 0.09 2y
{inhibition of 56 %7 by Isr 1 umol L1, Bay
k 1 pmol L. 7' added to the superfusion medium
12 min before stimulation was effective neither
on ["H]NE release nor on [Ca’" ], concentra-
tion (Tab 3.

Tab 3. Iu the presence of DAP. effacts of TTX,
w-conotoxin GVIA. Isr and Bay k 8644 on evoked
[*H_NE release and [Ca* ;. n=6—14 dises, T+s.
P05, "P<<O.01.

Drug/ Evoked out flow of H/ [Ca* 1/
pmol 78 %y of tissue H n nmal L™ =&
— 1. 50k, 32 14 320%15 14

TTX ©.3 0.11=0. 0%° 10 L} 6
CTX 0.1 1,35%0.12 14 230 10° 8
Isr 1 2.00%q, 09° ] -

Bay kk 1 4,542 0. 40° & 32514 i

DISCUSSION

The experimental results with TTX.
CTX, lsr. and Bay k indicate that following
depolarization of the membrane of neuron pro-
cessess the influx of extracellular Ca?'t was
mostly through the N-tvpe calcium channel
during the electrically evoked [*H ] NE
release, '

We have previously reported™ that DAP
evoked ["H]NE release from rat hippocampal
slices and in the NE release process also N-
t¥pe calcium channels . but not L-type calcium
1In the
present study . it was observed that DAP facil-

channels, played an important role.
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itated electrically evoked [[H]NE release and
[Ca*t ] concentration. Under the conditions.,
the inbibition of electrically evoked [PHINE
release and [Ca®' ], concentration by CTX was
relatively reduced, and that by Isp was en-
hanced. These results suggest that in the
presence of DAP the component of L-type
calcium channels in the process of evcked
[*HINE release was increased.
tion is strongly supported by the experiments

This sugges-

in which the agonist of L-type Ca*" channels,
Bay k. became ineffective on evoked ['HINE
release and [Ca“* ], concentration in neurons
superfused with medium containing DAP.

All the parallel changes in the electrically
evoked [*"H]NE release and [Ca*t ] concentra-
tion led ta the conclusion that L-type calcium
channels are invaolved in the mechanism of the
facilitatory effect of DAP on the electric
stimulation-evoked [*"H]NE release.
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