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External Ca2+一independent norepinephrine release from hippocam pal 

slices and m odulation by protein kinase C activation 

H U AN G H ua—Y u ．XIE Pei—Guo，H U AN G Yi—Zheng 

(SAa~f hag， 矗； 抽 Phy~'iol叼 ，Chinese A cad emy 8c蝴  ces，,SAar,9hag 200031，China) 

ABSTRACT 4B-Phorbol l 2， l 3一dibutyrate 

(PDB) enhanced H ] norepinephrine 

([3H]NE)release from rat hippocampal slices 

evoked by 3，4一diaminopysidine (3，4-DAP， 

l 0O一 400 mol·L )，veratridine (1— 7 m0l 

·L-1)or ouabain (100— 200 umo卜L7 )，hut 

had no effect on those evoked by m onensin 

(0．01— 10 mol-LI1)in the absence of extra— 

cellular Ca“+． T etrodotoxin (TT X．0．3 tzmol 

·L-1)blocked[ HJNE release evoked by 3，4一 
DA P， veratridine， or ouabain， hut faIled to 

affect that evoked by m onensin． T etraace— 

toxy methyl ester of 1—2一bis一(2-amino- 

phenoxy)ethane一Ⅳ 。N ，N’，N ~-tetrztacetic ac 

(BAPTA—AM )，Ca抖 chelator，inhibited the 

L 3NE release evoked by these substances， 

but d．d not inhibit the enhancem ent of the 

evoked NE release by PDB． The findirIgs 

suggest that under external Ca 一free condi- 

tions protein kinss e C activation enhances 

H]NE release evoked by the membrane de- 

polar ing agents， but does not affect that 

evoked bY Na 一induce d internal Ca reless e． 

K EY W ORDS norepinephrine； am inopy— 

ridines； veratridine i ouabain { monensin t 

protein kinss e C 

A ctivation of protein kinss e C (PKC)en— 

hanced“， 。 whereas inhibition of PK C de— 

cressed， the release of variOUS neurotrans— 

mitters ． A physiological role of PKC in 
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m odulation of transm itter reless e w as suggest— 

ed． The mechanism of the presynaptic en— 

bancement of transm itter release by PK C acti— 

vation remains obscure． W e recently found[43 

that under normal conditions 3，4-diam inopy- 

ridine (DAP)一evoked [’H]norepineph rjne 

([ H]NE)release from hippocampal slices 

consisted of 2 parts：the first being dependent 

and the second being independent from the 

presence  of extracellular Ca ． T he antago— 

nist of N —type C a 一channels co-conotoxin in— 

hibited the formet， whetess PKC activation 

enhanced mainly the latter - These findings 

indicated the importafice of exteTnal c a2 一 

independent release and excluded the possible 

effect of PKC activation on voltage—sensitive 

Ca channels on the presynaptlc m em brane． 

The present investigation is to further study 

the properties of the facilitatory effect 0f PKC 

activation on NE reless e evoked by variofis 

agents in the absence  of extracellular Ca +． 

M ATERIALS AND M ETH ODS 

Drugs 1-[7，8- H3norepinephrine，specific activ- 

ity l-6 PBq·tool_。(Amersham，UK)}DAP，ouabain， 

monensin， 4~phorbol 12t 13~libutyrate (PDB)， 

tetrodotoxin (TTx)，desipramine (Sisma，USA)l ve— 

ratridine (Aldrich，USA)}tetraacetoxy methyl estot 

of 1-2-his一(2-aminophenoxy) ethane—N ，N，N’．N 

tetrsacetic acid (BAPTA-AM ，synthesized in Depart— 

ment of Chemistry，EaSt China Normal Unfversity)． 

Stock solutions of the drugs to be investigated were 

prepared in the superfusion medium or water}veratrb 

din e and monensin were dissolv．d n ethanoI‘PDB and 

BA PTA—AM were dissolved in dim et~lylsulfoxlde 

(M czSO){TTX was d缸soived in sodinm cRr&te buffer 

(pH 4．85)． 
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Procedure Hippocampal slices(0-35 mm thick)， 

prepared from 0 Sprague—Dawley rats’were preincu— 

bated in the presence of[aH]NE 0，1 llmOl·L一 (1_6 

PBq·mol一 1 and then superfo sed at a rate of 0．7 ml 

·min一 with buffer as described previously ‘”． A fter 

60 m in the sliees w ere stim ulated once for l0 min by 

addition of 3，4一DAP， veratridine， ouabain， or m oll— 

ensio to the superfosinn medium r Drugs were added 

to the m edium 15 ra in befo re stimulativ n (if not indi- 

cated otherw ise)． The preineubation medium was 

composedl NaCl l18， KCl 4-8， CaCl, 1．3· M gSO ‘ 

1．2，NaHCO， 25，KH 2PO● 1．2，gin co~e 11，ascorbic 

acid 0．57．disodium edetate 0．03 mmol·L一 (saturated 

with 5 CO 2 in O2}pH 7-4)}duriog superfosion， 

CaCI2 wa暑 replaced by egtazic acid 1 mm ol·L—t． 1丌 

the experim ent with BAPTA —A M ， the sHees w ere 

preincubated with BA PTA—AM 0，4 m m oL·L一 (coil— 

trois with 0．5 M e O)for 2 h before incubation 

with[ ]NE， As a routine desipramine 1 pmol·L-1 
was present throughout the superfo sivn- 

C|leulalloe The ed outflOW of 

was estim ated by subtracting the basal outflow 

from the total outflow of 啊 dRrjng the 50 min aft0r 

the onset of stim ulativn}the basal H outflow was 

thereby assumed to decHne lin early from the fraction 5 

min be fore．to the lraction 50— 55 rain after the onset 

of stim ulation ． The evoked  outflow of 0H ex 

pressed as percentage of the H content of the slices 

at the onset of the stim uhtion． 

Starbties A儿 results were shown as 士 s，n ： 

numhe r of single observations _m at least 2 rats． Sta— 

tistie~l com par~ons were cai-rled out with the M ann— 

W hitney test if Kruskal-W all~ analysis indicated a sig— 

nificance between the group means- 

RESULTS 

Slimulation—evoked 【‘H I NE release and 

its enhaneem eut by PDB Hippocam pal slices 

preincubated with I H I NA were stimulated 

for 10 min by addition of DAP (100— 400 

gtmol·L )， veratridine (1— 7 gtmol·L )， 

ouabain (100— 200 Bmo[·L )，or monensin 

(0．01— 10 gmol·L )to the Ca抖一free super— 

fusion medium． 1 H lNE release was evoked 

by these substances in a concentratios—depen— 

dent m anner． PDB 1 uto ol·L一 added 15 min  

before stim ulation to the Ca。 一free m edium 

enhanced the[3H]NE release evoked by DAP， 

veratridine．or ouabain ，but not that evoked 

by monensin (Fig 1)． 

V isi0 

．／ l、 
／ ／  

- Ism ·L’’ 

Ftg l- L_H]NE release evoked by D P̂，veratrldlne， 

ouabaIn，or monenidn from rat hippocampml●l‘嘲 and 

Its enhancement by PDB in the absence of extraeellIdlit 

Ca什 t Tbe sllee,t-ere stim ulated by addltfo~ of DAP 

(100— 400 i4mol·Lq )，veratrldIne(1— 7 tmaol·L-1)． 

ouabatn (1OO一 200 l瞄 柚 ·L )．or mo~ensin (O．Ol一 

10m ol·L )tothe superftmRm medium ter‘0mtn 

of superftnfoln(0)． PDB 1 pmol·L (● )wits added 
to the med lum from lS mln ~ fote stimulation 曲 ． 

wards- tl： l一 20_IIt瞄 lor ea~h ~once ntratl呻 from 2 

一 I rats，i士 & J <0．01懵 respective~o~trols． 

Effects of TTX oEi stimulation—evoked 

L H J NE release TTX (0．3 llmol·L一 )， 

added 15 m in bef0re stim ulation to the Ca” 一 

free superfusion m edium strongly inhibited the 

L H JNE release evoked by DAP 200~tmpl·L 

(97 inhibition)．veratridine 0．6 umol·L 

(96 inhibition)or ouabain 100 m0l·L一1 

(95 inhibition)，but showed so significant 

effect os the[ H]NE release evoked by mon— 

ensin 0．O1 gtmol·L (F．憧 2)． 

●●●● 1●●●●4 ，●J  
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上  

謇 n上 
Ftg 2． Effects of TTX on L’H]NE release evoked by 

DAP。 veratrIdb0e， ouabain， or monen~in from hlp— 

pocampal slices in 1he absence of extrace illIlar Ca计 - 

The slices were sttmubtted by addition of DAP 200 

I=mol·L一 ， veratridine 0，B t~m ol·L一‘， ouabaln t00 

pHEIO卜 L一 ，or"monensin 0．0I姗 ol-L ‘to the superfuo 

sion medium (口)． TIx 0．3 tmlol·LI1(●)wss 

added to the superfusion m ed ium from  15 m before 

the stimulatlon onwards． 一‘一10 slices pbr treat· 

ment。i土 s． ‘P<=0．0i讳 respe~tive controJs- 

Efl eets 0f BAPTA-AM  on stim ulation— 

evoked [IH]NE release and its enhancement 
by PDB U nder Ca。 一free conditions hip— 

potato pal slices were preincubated with BAP— 

TA—AM (0．4 mmol·L一 ) for 2 h (controls 

were Dreincubated w ith m edium containing 

0．5 M e 2SO ) before incubation with 

[ H 3NE． BAPTA—AM pretreatment inhibit 

cd the[。H]NE release evoked by DAP 200 
mol-L～ ，ve ratridine 0．6 mo卜L一 ，ouabain 

100 om ol·L～ ． or monensin 0．02 um 0l·L 一 

(Tab 1)． 

W hen PDB (0．5 mol·L一1)was added to 

the Ca 一free superfusion medium 15 m in be 

f0re stimulation，the relative enhance m ent bY 

PDB (by subtracting the control value without 

PDB)of[。H 3NE release evokcd by 3，4 DAP， 

veratridine， or ouabain was not significantly 

decreased in the slice s preloaded with BAP— 

TA—AM (Tab 1)． 

TIb i． Effects of BAPTA-AM on[’H]NA release 
evoked  by 3。4-DAP ， veratrIdine' ouabaln， or mort— 

ensin and on It墨enhancement by PDB． n一 ●一 6 slices 

for elch treatment from 2-- 3 rats，i士 s． 。P<=0．05 

∞ respective controls (without BAPTA—AM ){ P<  

0．OI∞ respe~lve controls(without Ptm ) 

DISCUSsl0N 

In 2 previous papers(3,53 we proposed that 

D A P by blocking K currents oce uring in hip— 

pocam pal tissue( ， depolarizes the term inal 

m em brane， induced and propagated N a 一in— 

flux—carried action potentials under Ca +一free 

conditions． The increase in intracellular N a 

concentrations w as the triggering event caus— 

ing an increase in cytoplasm ic free C a + nece s— 

sary for exocytosis． In the present study al— 

though w e did not directly m easure the intra- 

cellular free Ca concentration ． the experi— 

m ents w ith T T X  and BA PT A —A M  did provide 

im portant inform ation supporting this conclu— 

sion． 

Vcry sim ilar rexults were obtain ed  in ex— 

perim ents w ith veratridine· The sensitivity 

to T TX  and the inhibition by BA PT A —A M  of 

this evoked release m odel further indicated the 

im portance of N a entry during dep0larization 

and of the liberation of intrace llular Ca 

stotes in the m echan_sm of action of veratri— 

din e ． 

Ouabain by inhibiting N a · K 一AT Pase 

elerated the jntracellular N a concentrations 

and by facilitating the N a+一dependent Ca。+ 

influx increased the NE releasetie)． In the 

．，．-!：。，‘，-口I 。HI，． 
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present study， the inhibition of ouabain— 

evoked N E release by TTX and BAPTA—A M 

further supports the involvement of Na 一 

carried action potentials and mobilization of 

internal Ca stores in this evoked N E release 

process- 

M onensin ， is a highly effective factor in 

transportjng Na and inducing mem brane hy— 

pefpolarizatiOn rather than depolarization(“]． 

Since  voltage—sensitive Na channels are not 

involved in the action of monensin，[ H3NE 

relaese evokpd by m onensjn w as not affected 

by TTX (Fig 2)． BAPTA—AM inhibited the 

monensin—evoked [-3H]NE release in the ab— 

sence of extracellular C a” ， suggesting that 

the effects of m onensin on catecholam ine 

secretion w ere due to elevation of the intra— 

cellular N a level and subsequent release of 

Ca from intrace llular stores． 

T he facilitatory effect of phorbol ester— 

m ediated activation of PKC on N E release 

evoked by 3，4-DAP has been shown in the ab— 

sence of extracellular Ca +( 
． In the present 

Study we obserred that PDB siso enhanced NE 

release induced by veratridine or ouabain ，but 

did not show any significant effect on that in— 

duced by monensin． As mentioned above． 

m onensin causes N a+-induced internal CaH  

liberation and m em branal hyperpolariza tion ， 

whcress 3，4一D AP， veratridine and ouabain 

cause m em brane depolariza tion in addition to 

N a 一induced internal Ca release．suggesting 

th at PK C activation roodulates the NE releas e 

probably by affecting the event subsequent to 

m em brane depolarization rather than by inter— 

action with Na -induced internal Ca release 

process· 

To conclude． under external Ca 一free 

conditions there are 2 independent pathways 

of evoking the N E release from distinct N E 

pools： 1)Na 一induce d liberation of internal 

Ca stores tr gets NE release{ and 2) At 

resting level of internal Ca ． m em brane de— 

polarization induce s N E release． M onensin 

evokes N E release by the first pathw ay． 

D A P ． veratridine．and ouabain evoke N E re一 

1eas e bY both the first and second pathw ay． 

BAPT A —A M blocks ol3lY the first． PKC acti— 

vation m odulates stim ulation—evoked N E 

release by affecting the second， but not by 

interaction w ith the first． 

R EFER EN CES 

Allgaler C ·Y on KSgetg⋯ O H erttlng G． Enhancem ent 

or noradren~lne rein~ e by 12 O tetrad~ etnoyl phorbol 

13-acetate⋯ activator of protein kinase C- 

Eur J Pharmacol 1986 I l|l：389— 92． 

2 Allgater C，Hertting G 

k1nase C actlvatj0n and 

Huang HY +Jackish R- Protein 

of noradren ine． Br J Ph4rma∞I 1987l-2t I6I一 72． 

3 Huang HY ，A ligain r C ，H ertting G t Jackisch R． Phor 

bol ~ ter-m edlated enhancement of hippocampa] 

adrenaiine release：whteh Ion channels Ki-e I∞，0】red? 

Eur J PharmaCol 1988l I E|：1 75— 84． 

4 Jackisch R ，Huang H Y -R~nsing H -Lauth D ·AIIgater C 

Hertting G· 【 Ad renoeeptor mediated inhibtnvn of⋯ 一 

~ytotie noradren 0 reje&茸e In the absence of ext愀 llu— 

lar Ca2+．Eur J Pharmaeol 1992}220：245— 52． 

5 Huang HY，Herttlng G．AIIgaier C．Jackisch R． 3．4一 

noradrenaline
．
release in rat hip— 

pocam pus：role of Na entry on Ca计 pools and口f protein 

kinase C． Eur J Phatmaco]I991 l 201t 221— 30． 

6 Jackisch R ， W erle E， Hertting G ． Identifi tion of 

m~ hanism s in volved in th0 m odulatlon of rele f D0 r． 

adrenaline m the hippoeam pus of the rabbR “ ● 0- 

Neuropharmaeclogy 1984 l 25：1363— 71． 

7 Ruans HY ，Hertflns G，Allslier C Jack~ch R． 3．4 

noradrenalI呻 release hom CNS 

tissue ∞ ^ m odeI a~tion potentiaI—e~ ked transm itter 

re1e肚c=effect of phorboI ester． 

Eur J Pharmacol 1989I Ï ： 115— 23． 
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一 二氨基吡啶、藜芦定或哇巴因所诱发的去 甲 

” ： 上腺素(NE)释放，但对莫能星(MonJ Ph ond 1986 475 9I )诱发的 vs】01(L ) ；37‘： ． 上删 ⋯ ，1甲肌’l = ⋯⋯  
Sa【0h E，Nakazato Y．Efiect f 口nensin Rnd ve⋯tri NE释放无作用． 河豚毒素能阻断前3种物质 

心 y ho“⋯  ea 叫。y een 。 诱发 的 NE释放，但对 Mon诱发的释放无作 

【n i!： ； ：“ 用．钙螯合剂BAPTA—AM1 7 1 I 能抑制这4种物质 ⋯⋯一一Tqq． Ⅲ一 ⋯ rJ丑口 ● ⋯ ⋯⋯ -⋯一 

及蛋 白激酶 C的调 制作用 

莹主互， 黄怡争 卢 ．z 
(中国科学院上海生理研究所 ，上~20003]，中国) 

诱发 的NE释放． 结果提示蛋 白激酶 C仅调 

制由膜去极化因素诱发的NE释放． 

关键 词 

哇巴因 

老里臣上监蠢!基董 堕；藜芦定 
莫能星；蛋白激酶 C 
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Pent0xitylline attenuates platelet 

edema in isolated perfused guinea 

activating factor-induced permeable 

pig lungs 

LI Shao—Hua，FEI xia，CHEN Si—Feng，DING zi—Qhang，w U Zhong—Li 

(D e?arimesl of Paihophit,~oiogy，~econd MilitaP~Medical U l er 姆 ，8ha hd。200433，Chisa) 

^BST RA CT T he effect of pentoxifylline 

(Pen)on platelet activating factor(PAF)一in— 

duced pulmonary injury was studied in isolated 

guinea pig lungs perfused with cell—free T ris 

buffered Ringer solution． PAF (1．0 nmol 

·L )increased lung wejght and pulmonary 

ltration coefficient(Kf)，which indicated the 

form ation of high perm eable pulm onary ede— 

ma． Pen (0．5 and 1．0 mmol·L )markedly 

attenuated the PA F—induced increm ent of lung 

we_蟾ht and vascular permeability，but not the 

increm ent of pulm onary capillary pressure and 

venous res_stance． T here w as no c0rrelati0n 

betw een the severity of lung edem a and the 

hum bet of leukocytes ln the perfusates． 

These results suggest that Pen has direct 

anti。 perm eability effect on pulm onary 
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m icr0vesseIs 

KEY W ORDS Dent0xifylIine； pulmonary 

edem a； platelet activating factor 

Pentoxifylline [1一(5-oxohexy1)一3，7_dj— 

mechylxanthine，Pen]can increase intracellu— 

lar cA M P by inhibitin g cyclic nucleotide phos— 

phodiesterase and attenuate the formation of 

high perm eable pulm onary edema in several 

models of acute lung injury including seps~ 

after E~ herichia ∞  4 adm inistration(2,33
． The 

ability of Pen to reduce lung injury was at— 

tributed to its inhibitory effects on neutrophil 

functions ， ． 

Platelet activating factor (PAF)is．a po— 

tent lipid m ediator involved in endotoxin— 

induced acute lung injury ． Our previous 

study showed that PAF increased album in 

flux across cultured pulm onary endothelial cell 
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