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Effects of excitatory amino acids and nimodipine 

on calcium currents in cultured rat cortical neurons1 
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AⅡU．_r0 smdy the effect of excitatory amino acid 

(EAA )and calcium chlLrlilel blocker on Ilenl~nal 

calcium  channels． 匝TIIODS：W im patch-clamp 

technique(whole-cell"recording)，the effects of Bay—K- 

8644， cesium glutamate， potassium  aspartate， and 

nimodipine (Nim)on calcium  cun~nts 【lc ) in 

cultured corticalIlenl~ns of neonatal rats were studied． 

RESU】_JTS：，ca was raised obviously by Bay-K-8644 

and glutamate． was raised concentration-depend- 

ently by aspartate【0．5，5，so rrmaol。L )，with 

increasing rates 15 ％ ±3％ ．37％ ±3％ ．and 53％ 

± 6 ％ ， respectively 1he inhibition of lca was 

obvious while adding Nim in the bath solution． W ith 

Nim lO t~mol-L_。．the inhibitory rate was 46 ％ ± 

4％ ． C0NCI 玛10N：EAA had increasing effects 

on neill~onal calcium  currents and Nim inhibited Caz 

influxin nenl~ils． 

TR0DI『cTION 

in recent years，Ca2 ovedoad in nelil'ous was 

reported duringWamrmtic brain'mjury orischemic brain 
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damage The reasous ofIleoroilal Caz overload were 

involved in many ways 111e effect of excitatory 

amino acids【EAA)was one of the most important 

reas0ns of itL ． However， the effec~ of EAA on 

neuronal calcium  channels was not clear． le method 

to study Ca2 ovedoadinmlⅧUns was usually usedin 

biochemicalmethods J． The e ofthe present 

studywastoinvestigate the possibility ofEAA inducing 

the opening of neuronal calcium  channels， and to 

clarify the inhibitory effect of nimcdipine(Nim)Oil 

neuronal calcium  channels． 

C。ell culture Cordeal cells were obtained from 

newborn(1—2 d)Wistar rats【／．／=40，Grade 11， 

Cerfificatc No 96A033)with an enzymatic (0．25 ％ 

trypsin．37℃，30 rain)and mechanical dissociation 

method le deusity of me celIs was about l x l 

cells-L_。． rIllecells were grown on glass cover slips 

(18 rrⅡn x l8 mm)，collagen treated in a culture dish 

(35 111111 in diametcr．2 mL／dish)． le cells 

cultured for 3—7 d in 80 ％ basal Eagles’medium  

supplemented with 10％ heat-inactivatcd horse selZlln． 

1O ％ calf serilln，glUCOSe 6 g。L_。，benzylpenicillin 

lIxI kU ·L～ ， and streptomycin lIxI mg 。L～ ． 

Arabinosylcytosine{10／~rnol·L )was addedfrom 24 

h to 72 h to prevent the growth of the non-neuronal 

cells． 11】e typical neurons(Fig 1)that had a big 

nucleus and long dendrites were used for patch—clamp 

recording． 

Electrophysiology le whole-cell onnfigura— 

tion ofthepatch-clalnptechniquewas usedto recordthe 

whole-cell 1ca with an Axopatch 1D voltage—clam p 

am01ifier{Axon Instruments)．The micropipettes were 

p~led by two-staga from borasilicate ass capillaries 

and heat．polished atthetip． Electroderesistanceswere 

5—10MI2 afterfillingwith pipettesolution． leliquid 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


330 

ISSN 0253-9756 Acm Da~ ctd S 

E mail aps@ rver shcnc ac cn 

中国药理擘报 I  ̂ 20t4) 

Phn／F牡 86-214>174—2629 

junction was nullified with all offset circuit before the 

formation of gigase~  Currents were lowpass filtered 

at 1 kHz The data were analyzed using all ⅢM 

computer、vi【h the clamp software． 

Solution for electrophysiologic$111dies 1be 

cultures were constantly 0erfusea with a bath solution 

containing tetraethlaminoninm chloride(TEA-Ca)130， 

CsC1 5，BaCI2 10，MgCl2 l，HEPES 10．glucose 10 

IIIF／IO1．L ．and te(rodotoxin( )0．5“1111110l_L_。 

(tiwatedto uH 7 4 byCsOH)．For exgerimemsinthe 

whole-cell configuration，the micmpipettes for electric 

recording were filled with a solUtion containing∞  

130 TEA-CI10，HEPES 10，MgCI~2， ·ATP 2， 

egtazic acid(EGTA)10 mmol·L_。． AIl experiments 

were done at 23 ℃ ±2 ℃ ． Na and K ca／'r~ots 

we犯 inhibited by _rrx and Cs ／TEA，他s口。 vely． 

B was used as the charge carrier of the current 

through Ca2 channels to reduce Ca2 ．dependent iMn． 

dovm ． When aspartatewas addedtothe bath solution． 

osmotic pressure was adjusted by reducing TEA-Cl and 

pHWas adiuste~tto 7．4 by∞ H 

RESUIJTS 

When holding poIenti"al was 一 9o mV，w 10 

mV depolarizing from 一110mV to 一 10 mV． the 

command potential that caused a maximal inward 

calcium current(Ica)was一50mV(Fig 2)． 

，caWaS raised ob~ouslyfrom (142±34)pA Io 

582±115)pA by Bay·K43644 and to(340±92)pA 

by glutamate(P<0 0l，n=8)． 

When holding potential was 一4O mV． the 

Command potential／mY 

Fig 2． Effects of gtmamate and Bay-K-8644 on 

calcitma emn~rtts in cun1lred neuro／iLS． Current- 

vollage ctu'v~／；for peak calcium etu't~nls in control 

cO】，gtmamate(●)，andm~y-K．S644【×)． 

command po tential that caused a maximal inward 

calcium currentwas 0mV(Fig 3)． 

Command potentimltmV 

-30 ·2o ·10 0 10 2o 30 ●0 50 
0 

- ．600 

F 3． Effects of aspi rate and Nim oil calcium 

cInTen忸 in cultm'ed I lⅡ0ns． Current-voltage 

cIirve$forpeak calcium elmmnesincontrol【0)．Nha 

10pmol‘L c●)．aslmrtate O．5Ⅲ 0】-L (×)， 

aslmrtate 5Ⅲ 0】·L 【口 )，and aslmrtate 50Ⅲ d- 

L I■)． 

』ca 

aspartate 

was raised 

and reduced by Nim (Tab J) 

Y by 

rnle 

va 口 鲁0 E nI - j 

砌 硼 栅 枷 栅 

vd 口2Lju g nl 0  
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Tab 1． Effects of ab-partate and N on caldmn 

cⅢ衄 由 in culturedIlte~ ． =8 Cells． ±s． 

<0．05． <0．0】 Contro1． 

decreasing ratewas 46 2 ％ byNim 10
,
ulnol·L 

DISCUSs10N 

Secondary Central nervolls system ~ -llage was 

always associated with massive C influx~ t 
． C 

influx may be caused by EAA，such as glutamate， 

aspartate．and glycinel ’ 
．
But the mechanism of 

EAA to cause secondary neuronal dea山 is rarely 

known． 

The present studies showed that aspartate raised 

lca obviously and concentration-dependently under the 

~：oiidition where the potassium cbanneIs were blocked 

wi山 Cs andTEA，sodium channels删 inhibited by 

tetmdotoxin． ca was also raised obviously by 

glutamate and Bay—K-8644． The increase of，ca was 

involved in two ways． One was that aspartate and 

glutamate activated N—methyl—D-aspartate (N A) 

reneptor-channel to admit directly into the cell： 

another was that aspartate and glutamate mediated a 

membal~ane potential change throR曲 the NMDA 

receptor which secondarily activated voltage-dependent 

calcium channels fVDCC)~4,5J
． 

How toinhibit or blockthe S~lUence of secondary 

nearonal dmnage is the key to cure ischemic or 

traumatic brain injmy． It was known that C,4 

overload was the main Feasolls of secondary cell 

deafli -3j
． It has been also showed 出at Nim． a 

calcittrn channel blocker，could reduce cerebral edema 

and improve the condition of neuronal damage ’ ． 

1-lowe~er Itwas rarely elarifiedthatwhe~'r OI notNim 

could inhibit C influx when aspartate or glutamate 

induced Ca2 influx throu血 opelting of VEL-'C and 

receptor-operated Ca? channels n1e present stlldy 

proved that Nim 10 圳哪 l·L一 could reduce about 

46．2 ％ of these calcium  currents． 耵le result 

suggested that Nim could reauce secondary neuronal 

damage through inhibiting Ca2 entering neurons． 

was part of the masons why Nim could improve 

neuronal Innotion following ischemic or traumatic brain 

injmy． In conclusion，EAA，such as glutamate or 
aspartate．bad a订 effect Orl the increase of calcium  

currents． On the other hand．it was clarified in the 

p~ rzt smdy that Nim could inhibit C influx in 

ileuronS． 
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关键词 里孽；丝  嚆片 奉
堕 垦 誊鱼丝蔓茎 ； 

谷氨酸盐；天门冬氨酸 、 

箝技术；尼莫 

Bay—KI8644： 

目的：探讨兴奋性氨基酸(EAA)及钙通道阻断剂 

对神经元钙通道的影响．方法：用全细胞膜片箝 

技术研究 Bay-K-8644、谷氨酸(Glu)、天门冬氨酸 

(Asp)及尼莫地平(Nim)对培养大鼠皮层神经元钙 

电流(，ca)的作用 结果：Bay．K一8644及 Glu明显 

增加 lc ．Asp 0．5，5及 50 mmol·L 浓度依赖性 

地增加 ，c。(分别为 l4 8％，37．1％和 53．1％)． 

细胞浴液中加入 Nim 10,~mol·L～， 被抑制 

46．2％． 结论：EAA使神经元钙电流增加，Nim 

抑制神经元的 c 内流． 
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