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AIM ：To study the mechanism for 3．4-diamino． 

pyridine (DAP)evoking external Ca2 -inde pend- 

ent release of【 H]norepinephrine ([ H]NE) 

METHODS： Rat hippocampal slices were 

prein0ubat6d with 【 H J NE and superfusod with 

m6dium． 【 H J NE release we．s determined、 

RESUL"IS： Unde r C ’·free conditions。 DAP 

evoked 【 H]NE release In rats pretreat6d by 

reserp~ne． the eftoct of DAP was rio longer 

detectable． Caz chelator BAPTA-AM potently 

inhiblted DAP-evoked [ H]NE release ． Desi． 

pramlne 100 — 500 0meI·L一。strongly Induced 

manner，whereas caffeine 30— 70 mmol_L一。was 

slightly effective on【 H JNE release． The blocker 

of Caz ．induc6d C ’ relea sable stores． 

dantrolen e sodium did not attenuate DAP-evok ed 

【 H]NE release． cONCLUSION：in the absence 

of extracellular Ca ． DAP evokes exocytotic 

release of【 HjNE from synaptic vesicles through 
jiberation of internaI Caz frOm jnositoI 1，4。5- 

Ca2 stores  

Our previous study found that 3，4一diamino． 

pyridine (DAP) exhibited particularly potent 

facilit~Vory effectS on the spontaneous H outflow 

from rabbit hippocampal slices preincubated with 

[ H]norepinephrine([。H]NE) ． This effect 

was tetrodotoxin(TTX)sensitive and modulated by 

presynaptic 一adrenoceptors， K-opioid and 

adenosine Ax receptors； It was strongly enhanced 

after activation of protein kina∞ C (PKC)with 

phorbol ester， or reduced by various PKC 

inhibitors． These observations indlcate the 
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involvement of action po tentia1．evoked exocytotic 

release of【 H]NE following DAP application In 

the absence of extracellular C ．DAP also induced 

[ H]NE release from rabbit and rat hippocarapal 

slices preineubated with [ H]NE c and phorbol 

ester enhanced this evoked [ H]NE release~3】． 

The aim of this study was to study the mechanism 

of DAP-induced external Ca2 一independent[ H]NE 

release from rat hippocampal slices． 

M AT RIALS AND M ETHoDS 

Chemicals 1-(7，8．aH)norepinephrine( H]NE．Azlx~l-- 

sham，UK)；DAP．desipramine，carfeine．dantrolene sodium 

(Sigma， USA )； Tetraacetaxy methyl ester of 1．2- 

bis(2一azninophenoxy)ethane-N，N，N ，N'-tetraacedc acCd 

(队 " A—AM， Molecular probes Inc， USA)． Stock 

solutions of the drugs were prepared in water except BAP'rA- 

AM dissolvedinM ezSO 

n‘ocedⅡre HJppocampal slices (0．35 mm thick)， 

prepared from Sprague-Dawley b (0，certificate number 

02—35—2，n：25t wefe pt'~3ncuhated h H1HE 0．1 

fmml-L～ and then supedusod with medium 0．7 mL·rain ． 

Samples w盯e collected every 5 min A~ter 60 rain of 

supedttsion the s1ic曙 w ∞d to drugs to induce 

trar~a'nitter reli c． At the end of superfusion． the slices 

wcce soluhilized in 0．5 n】l_Soluen e．350(Packard) The 

content of the solubilized slices and the superfus[on sampl船 

was determined with a Iiquid intillation counter The 

preineubetion medium ： NaC1 118， KCI 4．8， Caa2 1．3． 

M~SO4 1．2． Na}【c 25， KH2吼 1．2， glucose ll， 

asc~ hie acid 0．57。 diso~ura edetate 0．03 mmoI·L。’ 

(~turatedwith 5 ％ O in O2；pH 7．4)． InCaz ．free 

q《u《∞ medium， CaCI~啪 8 replaced hy egt~zle acid 1 

mm0卜L— In tee experiment with BAPTA-AM ．the slices 

preineubatedwith B A-AM 0．4 a31tTIO卜L一 for 2 h 

(懈衄ds 0．5％ M~SO)be 。雌incubation 【。H NE． 

Deslpramine 1 t=nol·L一’ was present througEe ttt tee  

superf~ on to block z~uptake system of NE ． 

CaI叫 训 帆 The fractional rate of 。H outfl ow wa8 

ealcu[ated as H outflow per 5 min divided by the 0H 

content in the slices at the st&rt of the respective 5 rain 

period． The dn~g-evoked H our~low was estimated by 

subtracting the basal outflow from the total outflow of the 50 
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min after the onset of the drug The basBI outflow of H 

ms assumed to decline linearly from the fraction 55 60 min． 

to the fraction 110— 115 mln of supcrfusion The evoked 

outfIow of 。H W EtS expressed as％ ofthe 。H content ofthe 

slices atthe 0nset ofthe drug Resultswere shown as ±s 

The significance of di仃盯enc between t D b w盯e 

determined by test 

RESI 

Effectsof reserpine and BAPTA·AM onDAP- 

evoked[ H]NE release in the absence of extra- 
cellular Caz To test whether DAP-evoked 

external Caz independent release of[ H]NE is 

exoeyto~is from synaptie vesicles， the rats were 

injeeted se with reserpine 10 rng-kg 12 h before 

death． W hen NE stored ；n synaptic vesicles was 

depleted by reserpine，DAP—evoked【 HJNE ease 

was no longer detectable(Tab 1) 

Tab 1． Ef of 辨响 e mad BAm -AM 蛆 DAP- 

erred[’H]NE n 锄 in the a 衄 of e】山能 I-nl&r{： ． 

珊ppoeampal s．I峭 w pl~incubated h LJH J NE and 

sap~ mea contin~oRsly． A~tEr 60 mln of superfnston the 

sllc峭 伸 eapQl~ to DAP to lndnce H]NE reIe蛾 ． 

n =4— 6 slicesfrom 2 rs扫． ± 5． P< O．01． 

Drug／ 
umo卜L 

Evoked  outflow of 0H／ 

％ oftl删 e 。H 

DAP 300 

resezpm e 

nAP 2oo 

+BAPTA—AM 

9．6±0．4 

0．13± 0．10 

4．10±0 22 

0．4l土0．05 

The effects of Cag chehtor BAPTA—AM were 

studied to examine the necessity of elevation of 

cytosoI free Caz f0r the induction of DAP-evoked 

[0H]NE release．BAPTA．AM 0 4 mmol·L 

inhibited the DAP—evoked release of[。H]NE by 

90 ％ of controls(Tab 1)． 

Effects of d|醯m硼 № mld曲ffe量啦 ∞ 【 H JNE 

el In the absence of extracellnl鱼r C At 60 

min of superfusion， addition of desipramine 100 

Ⅱmo】·L一 for 10 min to the Caz free superfusion 

medium (with egtazic acid 1 mmol·LI1)enhanced 

H outflow over hesal values． The oufftow 

reached  the maximum at 65 70 min． Sub— 

sequent[y the H outflow slowly returned  to basaI 

values within 50 min after the addition of 

desipramine(Fig 1) 

Time／min 

n21． D咚I瑚_ and耐  dqoed I嘲 e 0f LJH JNE 

f Ⅻ rat hlppecampel slices preinclbated-Ilh[ H]NE m-d 
蛐 D曩'璐ed ∞n蛐 u0瞄Iy． Aft|r 68 mtn of IⅡpHf口B．on the 

jlI∞}were“p0鲥 to 咖 rM血 el0o m“·L " ∞ 

50 m oI．L in C ’-free medinm ∞ Ⅱt咖 t趣 egtazIc lcId 

1mmo[．L’ ． 4 s．I嘲 from 2 rI乜． ± ． 

Addition of cMfeine 50 mmol-L一1 to the Ca” ． 

freemedium co ntaining egrazie acid】rnmol·LI1 at 

60 min of superfusion very slowly and slightly 

inereased H outflow．which reached the maximum 

at 85—90 min and gradually returned to basal level 

afterthe drugwaswithdrawn(Fig 1) 

13oth the enhancements of H outflow by 

desipramine and calfeine wert concentration- 

dependent and ；ncreased linearly from 100 to 50o 

pmoI-L一 ． and from 30 to 70 mmol·L一 

respectively(Tab 2)． 

Tab 2． De~lpramine-and m  e- dt咖 [’nINE t e-∞ 
from rat hippocampal slices．Aft|r 6OmIn of s~perfmlonthe 

slices wl~re eapol~d to various c~neentratIons of ~ stpramine 

or caffeine． = 4一 l0 slt~m frmn 3 rats。 士 ． 

Drug Evoked ou tflow of H／ 

％ oftissue 0H 

DeslpramJne，“m。l‘L 
100 

200 

300 

4O0 

500 

C~affeinefrnmol·L一 

30 

50 

70 

22．6±1．0 

40．2±5．1 

52．3 ±2．3 

61．4± 5．0 

74．4± 1．3 

0．45± 0．20 

2．44± 0．2l 

6．0± 1．0 
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Effects of dantrolene sodium oH DAP-evoked 

external Ca2 ．independent release of f H]NE We 

used dantmlene Na (saturated in medium)to block 

Ca ．induced Ca release． In the absence of 

extrace llular of Ca ．DAP_evoked H outflow was 

unchanged (4．8±0．4 ％ in dantmlene Na group 

and 4．6±0．4％ in control gmup)． 

DlSCUSSl0N 

we have previously shownl that【。H]NE 

release was evoked  by DAP from rabbit hippoc ampal 

slices preincubated with[。H]NE． We proposed 

that in the presence of extracellular Ca2 ，DAP by 

blocking K currents， depolarizes the neuronal 

membrane。 induces Caz influx and exocytosis of 

NE storage vesicles． 

In the present investigation， it was observed 

that in the absence extracellular C ． DAP 

significantly evoked[。H]NE release。but became 

ineffeetive when NE stored in synoptic vesicles was 

depleted by reserpine pretreated This indicates 

that under Ca” ．free conditions， n  ̂．evoked 

【0H]NE release wss also a vesicular component． 

Any possible involvement of extracellular Ca in 

the process of DAP-evoked [ H]NE release carl be 

excluded by egtazlc acid 1 mmol-L contained in 

mediumt~j． The question arises， by which 

mechanisms DAP evoked exocytotic release 0{ 

[。H]NE，whether it is dependent from liberation of 

intracellular Ca  store~? This speculation is 

suppo rted by the experiment with BAPTA-AM ， 

B A is hydrolyzed after crossing the 

membrane and dissociates C chelator BAPTA． 

The C liberated from intrace ll u1ar stores was 

rapidly buffered  by BAPTA，so that no appreciable 

accnmulation of Ca occL1rred during repetitive 

stimulation【 ． As shown in Tab 1．the release of 

[。H]NE induced by DAP was significantly inhibited 

in the slices pretreated  with BAPTA．AM ． 

indicating an  involvement of liberation of 

intracellular C stores in the proc ess oi DAP． 

evoked releaNe of[0H]NE． 

In the present study，using high concentration 

desipran fine【圳 to stimulate the inos itol 1。4．5 tris． 

phosphate (IPs)一sensitive ca2 stor~ we 

observed a strong external Caa 一independent release 

。f[。H]NE from the slices，whereas the effect of 

caffeine【 。 by stimulating  Ca ．induced Caz 

releasable stores_ll_on inducing[。H]NE release was 

very slight even in very high concentration of the 

drug This suggeststhatin the absence of external 

Ca2 ，the elevation of cytoml free Ca2 ．which is 

necessary for stimulation—evoked f H]NE release 

from adrenergic term inals of hippoc an apal slices，is 

mostly from the IPs—sensitive C stores． It has 

beenrepo rted that dantrolene sodium bloc kedCa2 一 

induced C release from endoplasmic reticulum in 

neurons ． In the present investigation， 

dantrolene Na did not show any inhibitory effect 

on DAP-evoked release of[ H]NE，suggesting that 
in the absence of extraeellular Ca2 ． Caa ．indueeel 

C release might not be involved in the 

mechanism of DAP-evoked【 H1 NE release． Con． 

elusion，in the absence of extraee[1ular C ，DAP 

by liberation of intracellular Ca” from IPs sensitive 

Caz stores evokes exocytotic release of f0H 1 NE 

from synaptic vesicles ． 
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窑萎辜喜 毒 产基吡啶 k 诱发去甲肾上腺素释放 ／ 
黄华玉。周成文 ；； 、≯占 

h目的：用大鼠海马脑片研究 3，4-二氨基吡啶 

eDAP)诱发去甲肾上腺素胞外钙．不依辕释放的机 

制 方法：大鼠海马脑片用[ H]NE孵育后，进行 

表面灌流，驯[0H]NE释放 结果：在胞外无钙条 

件下．DAP能显著加强[0H]NE释放，当用利血平 

使囊泡[ H]NE排空，则 DAP作用消失．用高浓度 

地昔帕明刺激 lP3．敏感的胞内 Ca”储备库，能有 

力地增强[0H]NE释放，而高浓度咖啡因对[0H]NE 

释放只有很微弱 的作用．丹曲林钠对 DAP诱发 

[ H]NE释放无任何抑制作用 结论 ：在胞外无 

钙条件下．DAP通过 敏感的 ca”储备库释放 

Ca”
， 从iiii诱发囊泡内的去甲肾上腺素释放 

ta~ armL-o lea Sinit~ 中国药理辛 报 1996 Jul；17(4)：305—308 

Effects of methylflavonolamine on free intracellular calcium 

in isolated em bryonic rat brain cells 

DUAN Wen-Zhen~，TANG Yun-Zhao(~ rtment ofPharmacology，Shanxi Medical College，Taiyuan 

030001，China； Department of Pharmacology ． Institute of Materla Medica， Chinese Academ of 

Medical Sciences，Beijing100050，Ch ina) 

KEY W ORDS metbyIflavonolamine； Fura-2； 

calcium； flunarizine； glutamate； brain； cultured 

cells 

AIM ：To observe the effects of methyIflaven ola— 

mine (MFA ) o(1 free lntracellular calcium 

concentration([ca”] )of isolated embryonic rat 

brain cells in presence  and absence of high 

extracellular potes slum and L—gl~amate 

METHODS：[ca ]1 was measured in a spectre． 

fluor∞ hotometer by preload[ng the cells with 

calcium sensitive fluorescent ind ica tor Fura 2．AM 

RESULTS：Resting[Ca” ]．was 197±20 nmol 

，L-。(n=44)in the presence of Ca2 1．3 minel 
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-L in Hanks’solution． MFA 0 15 mmol·L一 had 

no effect on the resting [Oa2 ]l When 

extracellular Ca was 1 3 mmol·L～ ，MFA (0 03 
— 0．3 mrnol· L一’ 

inhibited the [ca” ]．elevat[en induced by high 

extracellular potassium，with an Ic5o value of 0．14 

(95％ confidence limits：0 05—0．42)mmol，L_。． 

At higher concentration(0．15—0 30 mmol-L )． 

MFA decreased L-glutamate-induced [ca2 ]i 

elevation，with aD J‰ of 0 2O(95璺‘co~ffk：tence 

limits：0 01—3 40)mmol-L一。 CONCLUSION： 

MFA inhibited Ca nflux through voltage- 

~ ndent calcium chennel and， at higher 

concen tration． through receptor-operated calcium 

channelin the embryen ic rat brain cells． 
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