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A 讧：’r0 studythe effectofdowrn~ (DA)OilCaz ． 

calnxxtulin d~ lldent protein kinase II(CCDPK II) 

activityin删 hippoeampus． METHODS：Usmg rat 

lIipp0caTnpa1 slices as an in vitro model，the activity of 

o觥 Ⅱ was examined by the method of 

incorporation． REsI】I髑 ：Exogenous DA reduced 

CCDPK 1I activity in hippocampal slices in a 

concentration-and time。dependent man1~r Removal 

of extracellular calcimn antagonized the DA-induced 

inhibitioil of Ca)PK 1I activity． partially or 

completely． The activity ofCCDPK l1 w拈 markeMly 

decreased by apomorphine(a nonselectiveDA receptor 

agonist)．SIa 8393(a selective D1-like DA receptor 

agonist)，orquinpirole(a~lecfive D2-likeDA receptor 

agonist)． The inhibitioil of CCDPK 1I activity 

induced bv exogea~us DA ∞ abolished by 

irceincubafion with Sch-23390，a selective DI—like DA 

receptor antagonist，or dolnpelidone，a selective D2· 

like DA receptor antagonist． CONCLUS10 ：DA 

has all inhibitory effl~t oll Ca)PK 1I activity in删 

l1i弭，0ca ，．relatedto stimulation ofD 一like andD2一 

like receptors and calcitmainflux． 

regiontoischemicinturv． The excessiven }ase ofDA 

inthe hippoeampus during cerebralischemia pl印ed all 

impoltant rolein the develolxnent ofischemic cereblaI 

iⅡjuryL ． However，the mechanism unaedying 

~ aminergic neurotoxicity remained uncle~． 

Overload of intracellular c~cium was thought to be 

a pivotalfac~rinischemic cerebralinjury． Elevation 

ofintracelhlarcalcitma concenWation led to aetivation of 

calcium-d~endent tipases，nucleases，proteases，nitric 

oxide svntI1ases， and protein kinascs such as 

CCDPK Ⅱ，cte ，and c~nsoqucnt neuronal cell death． 

CCDPKⅡ．which w m#y enriched in neural 

tissues and composed u口to 2 ％ oftotal proteinsinthe 

hipptr．mnpus．was amultifunctional protein kirmse and 

regulated many physiological ∞印Dnses to calcium 

mobilization including gene expression， ncurotrans— 

mitter synthesis and exocytosis，posmyr~ c n~ponses 
and cytosk~letal interactions， etc． Previously， we 

reported that hypoxia could iesult in the significant 

inhibition ofCCDPK Ⅱactivityin rat hippocampus ． 

．n inhibition of the enzyme activity had been 

imp~catea in conffibufing to neuronal oeu daⅡ1age ． 

Therefore．elucidating the effect of DA oil CCDPK Ⅱ 

activity would provide insight into the molecular 

mechanism of doIⅪminergic aeurotoxiciry in cerebral 

ischemic injmy． In this paper，the effect of DA oil 

CCDPK Ⅱ ly in rm hippocampus was firstly 

investigated． 

The hiptx~campus was the most vulnerable brain 
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Materials 【 舡n hydrochloride， d， - 

SKFO~393 hydrochlofide，I-quinpirole hy~ chlodde， 

R(+)。Sch-23390 hydrochlodde，and domperidone 

(RBI，USA)；atx~orphine(Sigma，USA)． They 

w啦 dissolved in a small ar~ount of distilled w蛳 ， 

except quiapirole was dissolved in SO4(0 l mol’ 

L )and d0mpe b【Ie in 1％ lactate． we∞ 
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diluted with glucose-free Kreb~-Ringer solution 

~ ediately before use． 

1 一 P J rP was purchased from Yahui Biological 

and Medical Engineering Co， Beijing； sodium 
metabisulfite and ATP from Sigma； phenylmethane- 

sulfonylfluorid(PMSF)，andmercapto ethenol(3_MlE) 

from EMerck． Otheri~agentswe ofAR． 

Itippoearapal slice preparation and drug 

application Male Sprague-Dawley rats(GradeⅡ， 

Certificate № o2—49-02． purchased from Sippr-BK 

Experimental Animal Ltd Co，Shangh~)weighing 160 
— 2OO gwe decapitated andthe brainswe placedin 

ice-cold K~ebs—Ringer solution：NaC1 122。KCl 3．1． 

I~I2PO4 0．4，
．
Mgsq 1．2，CaC12 1．3，NaHC03 25， 

glucose10 nlrnol’L_。；pH 7．4 equilibratedwith 95 ％ 

q +5％ c02． Parasagital hippocampal slices(350 

“m)welee preparedwith aMcIlwaintissue chopper and 

preincubated in normal Krebs-Ringer solution at 36 ℃ 

for 90 min． Following preincubation， slices were 

transferred to glucose—flee Krebs-Ringer solution and 

incubated with or without drugs for 30 rain Or aS 

indicated． During whole c．．ourse of preincubation and 

drug application，incubation me~lium WaS continuously 

bubbled with 95％ + 5 ％ C ． Sodium meta- 

bisulfite(2OOt~mol·L )WaS addedtOthe dopltmine- 

containing solution tO prevent oxidation of dop~aine． 

In pilot experiments，sodillmmetabisulfite(2oo umol· 

L )did not affect file activ 0f 0CDPKⅡ DA 

receptor antagonists were added15 rnin before exposure 

to DA． After experiments．the slices were quickly 

frozen inliquid njtro／gerJ曲 til USe． 

Assay for CCDPK Ⅱ aelivity 11be slices 

were homogenized in a glass homogenizer Oil ice with 

ice．COld homogenization buffer： Trls．H口 2O． edetic 

acid 2，NaF 2，PMsF O．5，0一MlE 10 itm3o1．L_。：pn 

7．5． 1be homogenate was spun at 10 0OO× at4℃ 

for 5 miI1．and file supematant was assayed for C 一 

calmodulin-dependent activity of CCDPK lI by file 

method of P-incorporation ，． 1 e radioa~ vity WaS 

measured by a liquid scintillation spectxometcr (LS 

65(3O． Beckman)． Protein coneentration of tt 

supemalant WaS determined with bovine serilm albumin 

(BSA)aS standard L． ． 1be O口)PKⅡ activity was 

expressed in file amount of P-incorlx~ tion (I~TiOl· 

rain-1．g一 )． 

Statistical analysis Values were expressed aS 

± and compared bv ANOVA followed by the 

Dllncan’s new multiple rangemethod orNewman-Keuls 

test 

RESULTS 

Inhibitory effect of I)A on CCDPK I 

activity After exposure of rat hippocamp~ slices tO 

exogenous DA at 100 umol·L_。． the activity of 

CCDPK Ⅱ decreased graduaUy with incubation time． 

Much inhibition of CCDPK lI aetivity WaS observed 20 

rain afterfile addition ofDA(Fig 1)． 

180 

l60 

1410 

l加  

0 l0 20 30 

Time／rain 

Fig1． Inhibitory effect 0fnA (100 ·L一 )m 

CCIOIPK Ⅱ aclivityin rat hippD嘲 pal slices． =4 

H如 ． 霉±s． P <0．ol掰 c0 睦D1． 

Incubation、vjtIlDA at 30 — 2OOO“IIl01．L for 

3O rain markedly depressed CCDPK Ⅱ aetivity． 1he 

maximalinlubitionw observedwithDA at 50o“mo1． 

L一 ． tl1 tbc enzyme acfivityfallingto 54．4 ％ oftbe 

conia~o1． Incubation of slices in calcium-free nl0di岫  

【with lⅡⅢ101·L egtazic acid)containing DA at the 

sallle c0ncen虹at ns antagonized me DA-induced 

inhibitionofCCDPK 1I aetivity，pa而ally Or complete· 

ly(Tab1)． 

Effect of DA receptor agonists O1"i CCDPK Ⅱ 

activity Incubation with alx~norphine(1一舶 Iml‘ 

L )，a nonselectiveDAmc印t0r agonist，for 30mill 

resulted in．皿 inhibition of CCDPK 1I aefivity． 

n垴 iII1al inNNtion was obs~'ved witIl a~ norCltne at 

10 IIl01．L_。，with me enzyme activity falling tO 

53．5％ of dle 1． Incubation for 30 rain 、vjtIl 

SKF39393，a selective Dl—likeDAfe∞pt0r agonist，Of 

qu~imle，a selective D2·like DA re~ or agonist， 

reducedthe activity ofCCDPK Ⅱ． SK冈蝴 atl一 

2O0“m0l‘L～ and qui~ imle at 20—2O0 gmol·L一 

-．

H．I-q!皇二0量 茸l̂ 0_lI)I‘I自 二) 
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Tab1． Inhibitory effortof exogenousDA∞ CCDPK Ⅱ 

activity in rat hiplmcmapal slices wjdI or without 

extracellular calclma([Ca2 ] )． =6 r№ ． ±s． 
>0．0S． <0．01 contro1． fp<0

．01 玎s the 

respective values obtained with[oa2 ]。． 

DA， 

,~nol·L 

CCDPK Ⅱ actJviry／nmol‘min一 ·g一 

+[Ca2 ] 一[Ca2 ] 

resulted in an inhibition of the enzyn~ activi~ 

(Tab 2) 

l'ab 2． Effect of a】 nⅪqlbil ，SIGW38393．and quirt- 

plrde∞ CCDI~ Ⅱ activityinmt hiplmcamlml dioes． 

=6矗他 ． 霉 ±s． P<0．01 contro1． 

Efleet of DA receptor antagonists oil DA． 

induced inhibition of C(DPK Ⅱ activity 

Pmincubadon of slices with specific DA receptor 

an~gonists． Sch-23390 (D1-m DA receptor 

antagonist) or domt~ done (Dz—like DA receptor 

antagonist)，antagonized the inhibition of CCDPK Ⅱ 

activityinduced by exogeoous DA (5O0#tool·L ) 

Sch-2339O at 50 Izmo]·L-。and dompefidone at 10 

u ·L一 abolished the DA-induced inhibition of 

CCDPK lI acdvity(Tab 3) 

Tab 3． Proteetio~ 0f S．eh．23390 and ~lompend~le 

a静面st inlu'bfli4m of CCDPK Ⅱ activity induced by 

exogenous DA inmthippocampal stices． =6 r№ ． 

±s． <0．01玎sDA (500lumol·L 】． 

>0．0S contro1． 

DISCUSSION 

Forthefi time．the present study showsthatDA 

has．皿 inhibitory effect oil o Ⅱ activity in the 

hippocampus， depending on both duration of DA 

exposure and DA concentration． DA-mediated 

effects were blocked by removal of extraceUular 

calcium ． n】e result suggests that the inhibitory effect 

of DA oil CCDPK 1I activity is partiaUy related to 

influx of extracellular calcium ． Maybe there is release 

Of intraceUular calcium storage because the inhibitory 

effects of DA at some concentrations wefe not 

antagonized completely 

It has been demonstrated that the inkibifioa of 

0CⅨ Ⅱ activity is concerned with calcium- 

stimulated autophosphoryhtion of the enzyme at a 

threosine residue． ． The autophospl~ lafiOil 

converts the kinase from the Caz ．calmodulin- 

dependent form toCaz 一callnodulil1． dq)cⅡdeIItform 。 

which results in the inhibition of Ca2 一 山n0dlI n— 

dependent activity and the enhanconent of Caz ． 

calmodulimindependent acfivity． Excessive activated 

CCD Ⅱ caⅡpotentiate the presynal~c release of 

glutamate by phosphorylating syllap~n 1 ．but also 

pI 0ryla postsynaptic N—methyl·D—aspamte 

(NMDA) receptors or ilon．NⅣDA receptors and 

promote their subsequent responsiveness to released 

glutamateL ’ ． Excef~ive stimulation of gltmm~ate 

receptors causes massive calcium  influx and results in 
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neu~na2 cell damage 

All above resultsmay support our hypothesisthat 

neurotoxic effects of DA wou1d pm'fially due 协 DA 

induced the inhibition of Ca)PK 1I activity．which 

enhances excitotoxicity of excitory mnino acid and 

increases c~cium influx． 

Radioligand assay proves the distribution of DA 

receptor~ in the hipptr．ampus． Direct dopamine 

receptor stimulation may mediate inhibitory effect of 

DA on 0口)PK II aefivity． Apomorphine．a BOIl- 

selectiveDA receptor agonist had aninhibitory effect on 

CCDPK 1I activity．similartothe effect ofDA． n 

result sugg~sts the effect of DA is mediated by 

sam~ ting DA receptors． The DA ceD ale now 

classified as”D1．1ike”(Dl and D5)and”D2．1ike”(D2， 

D3，andD4)． In orderto assessthe r~eptor subtypes 

mediating DA inhibitory effect．selective DA receptor 

agonists and antagonists 、㈣ used． nle results 

suggest stimulation of D]·like or D2·like r~eptor 

sub{~pes Call both result in inhibition of the cnzylt~ 

activity． n inhibition of CCDPK Ⅱ acfivity is 

calcium．dependent． Therefore．Otlr results deraonswate 

that stimulation of Dl·like or ·like receptor subtypes 

Call elgratetheintraccllular c~cium cortcenwafionin rat 

hippocampus． Inwacellular calcium aecumulafion 

calls$ autophosphorylafion of the enzyme． which 

makes the Idnase convert 协 C ．calmodulin 

independent form and results in inhibition of Ca2 ． 

calmodulin．dependent acfivity． However．n r眦d1a． 

nism of Dl·like or D2一like receptor medLating 

intraccUular calcium aecumul~on remains to be 

elucidate． 

At higher concenla*ation， DA． apomotphine， 

quinpirole-induced inhibitory rates of OCI)PK 1I 

activity decreased． Thismay resultfrom activation of 

Ca2 -~almodulin-dependent protein pao~paatases，str．．h 

as caleineurin． Calcineurin is abundant in the hippo． 

cmnpus． Several pllotei／ls including srna~ia I and 

NMDA receptors are comlllon to CLT)PK II and 

calcineurin as substrates for phosphorylation and 

del：CaosphorylationL6—1o 
． h had been reported that 

stimulation of D，一like receptors can activate 

calcineurinL ． Ⅱle activation of calcineurin leads to 

dephosphorylation of syaapsin I and NMDA 

recep 0rs[ 】and co d lent decrease of calcium influx 

induced by excessive stimulation of gIutamate 

reeepto~． As a result of 一like cept0rs stimulation 

at higher concentration，the DA induced inhibitory rates 

ofCL-'DPK lI aefivityis attenuated． The above resulIs 

indicated that the inhibition of Ca)PK 1I a vity 

induced by exogenous DA might be nmi~y due to 

stimulation ofn ．1ike receptors． 

In conclusion， DA has a12 inhibitory effect O1] 

CLT)PK 1I activity in Fat hipIxx~mnpus，rekated to 

stimulation of Dl-like or B2·like receptor subtypes and 
calciUlninflux． 
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多巴胺诱导大鼠海马脑片 ca2 ．钙调素依赖性 

蛋白激酶Ⅱ活性的抑制作用 

， 雀 (徐州医学院生物化挚与分子 
7乏、，72．I 

生物学研究中心，江苏22]002，中国) 

目的：研究多巴胺(DA)对大鼠海马脑片 Ca2 一钙 

调素依赖性蛋白激酶Ⅱ (CCDPK Ⅱ)活性的影响． 

方法：采用大鼠海马脑片体外培养模型，以aZp．掺 

入法测定CCDPK Ⅱ的活性 ． 结果 ：外源性 DA可 

显著降低大鼠海马脑片CCDPK Ⅱ活性，并有一定 

的浓度依赖性和时问依赖性．去除胞外的 Ca2 对 

不同浓度 DA诱导的CCDPKⅡ活性抑制有部分或 

完全保护作用．阿扑吗啡(非特异性 DA受体激动 

剂)、SKF38393(特异性 n 样 DA受体激动剂)和 

喹吡罗(特异性 样 DA受体激动剂)均可显著降 

低CCDPKⅡ的活性 ．Sch-23390(特异性 Dl样 DA 

受体拮抗剂)和多潘立酮(特异性 样 DA受体拈 

抗剂)均可拮抗 DA所诱导的酶活性抑制 结论： 

DA抑制海马CCDPK Ⅱ的活性，其作用机制与 Dl 

样和 样受体以及胞外 Ca2 的内流有关． 

关键词 兰旦璺 Ca2 -钙调素依赖性蛋白激酶； 
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