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Protection of dopaminergic antagonists against anoxia-induced 

inhibition of Ca“ ．calmodulin dependent protein kinase Ⅱ 

activity in rat brain 
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ent protein kinase；anoxia；Sch一23390：dompendone： 

hippocampus；corpus striatum；adenosine triphosphate 

AⅡ讧． T0 study the effect of dopamine receptor 

antagonists oi1 anoxia—induced inhibition of C,4 一 

calrnodulin dependent protein kinase Ⅱ (CCDPKⅡ) 

activity in rat hiolx~ampus and striatum ． 

METHODS：Using the rat hlplx~asnpal and striatal 

slices under 95 ％ N + 5％ o ， the tivity of 

OcD Ⅱ was examined by P-incorporation． 

REsI】IlTS：Under anoxinfor 30min，theOCDPK Ⅱ 

acdvjtv decreased to 29．2％ and 27．0 ％ of the 

conl／ol in rat hippocempal and striatal slices．respec— 

tirely． Preincubation with Sch-23390(a specific D1一 

like dopam~ receptor antagonist)，or domperidone(a 

specific Dz—like dopamine receptor antagonist)，resulted 

1eImadlm of the anoxia— 

induced inhibition of CCDPK Ⅱactivity which was 

preserved up to about 60％ ． CONCLUSION： 

Dc 蚵 ne receptor stimulation is involved  in anoxia- 

induced inhibition of CCDPK II activity in rat 

hiplxx：ampus and stdatmn． 

The most vulnerable brain regions to i~hemlc 

danlage ale hippocampns and striamm． Using ／n vivo 
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microdialysis， many experiments have demonstrated 

thatthere is amassive release of excitatory amino acids 

(EAA)， including glutamate and aspartate， and 

dopan~ine in the hippocampus an d stfiatum during 

cerebral ischemia． It is now generally accep~ that 

EAA is an easential factor in mediating ischlfflliC 

damage through an excitotoxic mechanism． Dopa- 

millergic deafferentation by ecCdon of6-hydroxydopa- 

mineintothe substantin nigra(SN)ormedialforebmin 

bundle(m )could att~mlatgthe severity ofischemic 

and excitotoxic cerebral damageinthe Jli 呷 and 

striatmn -3j． which suggested that the excessive 

release ofdopmniaemediated a neasotoxic effect during 

cerebral ischemia． 

Dopamine receptors modulate Inaxcenular calcium 

levelsL ． Calcium has a pivotal effect Otl ischemic 

damage． Elev~on of intracenular calcium concenUa- 

tion could activate the calcitma-dependent enzyme，such 

as Ca2 ．calmodulin dependent protein kinase I1 

(CCDPK II)，etc，andresultin neuronal dum age． 

皿emultifunctionalo )PKⅡ，enrichedin neural 

tissue6， is a Sellsitive enzyme to ischemia． 

Previously，we rerx,rted that transient isehemia could 

result in the time-de0endent significant inhibition of 

CCDPK Ⅱ activity．and the inkibifion of the enzyme 

activity contributed to ileutonal damageL ． this 

paper，the effects of d【 ar|1i】[1e receptor antagonis~ Otl 

the anoxia-induced inhibition of CCDPK Ⅱ activity 

were invesd髓ted to evaluate the relationship between 

dopamJne and o口)PK Ⅱ activity during cerebral 

ischemia and the mechanism of d ，捌m．n咄  

~urotofidty． 

Materials Rf+)一Sd卜2339O hydrochlodde and 
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dornpcridor~ 、 re pupchased from Research Biochemi— 

cals Interaational Co (RBI)，USA． Sch一23390 was 

dissolved in a small amount of distilled  water and 

d0]=rIDeIid0Ile was dissolved in 1％ 1actate，and diluted 

with glucose．free Krebs．Ringer solution irrln ately 

before use． 1 PlATP was purchased from Yahui 

Biological and Medical Engineenng Co，Bejjing；A丁P 

from Sigma； phenylmethane—sulfonylfluorid (聊 SF) 

and mercapm e山enol【3一MEj from E Meek． Other 

re．ageo~ 、 ofAR 

Itippocampal and striatal slicespreparation 

Male Sprague-Dawleytats(Grade 11，Certificate No 

190"249-2． purchased from Sippr-BK Experimental 

Animal Ltd Co ，Shanghai) weighing 160—200 g， 

wgre decapitated andthe brains were placed inice—cold 

Krebs-Ringer solution：NaC1 122，KC1 3．1，I~-I2FO4 

0 4，MgSO41．2，EaCh1．3，N~COs 25，glucose 10 

mmol‘L ；pH 7．4，equilibrated with 95％ O2+ 

5％ CO2 Parasagital hippocampal slices(35O tan) 

and striatal slices(3OO mj were prepared with a 

McⅡwain tissue choppL~T and preincubated in normal 

Krebs—Ringer solution at 36℃ for 90 rain．coritinuous— 

ly bubbledwith 95％ O2+5％ o0'． 

Anoxia and drug application Following 

preincubation，slices were transfened to glucose-free 

Krebs．Ringer solution for 30 rain，continuously bubbled 

wi山 95％ + 5 ％ O0，． DA rel踟 antagonists 

we added15min befoi'ean oxia． After expe~ ts， 

the slices were qmc~y removed and frozen in liquid 

nitrogen until use． 

AssayforCaDPK Ⅱ activity The slices were 

|舯 og 1 in a glass homogenizer on ice with ice- 

cold homogenization buffer： s-HCI 20，e~ tic acid 

2．№ F 2．PMSF0．5，B'ME 10 In脚 1．L_。；pH 7．5 

The homogeimtewas spnn at 10000×g at 4℃ f0r 5 

rain． and the sulce／'／mtaot was assayed  for C - 

calmodulin dependent aetivity of 0口)PK Ⅱ by the 
method of越p-incorporationI 5_

． rItle pbo sphorylation 

Fea~ol／ initiated byⅡ addition of【 - PJA丁P 

andincabated at 37℃ for 5 min． Twenty microliter 

reas on  mixture was spotted on 2 cm × 2 cIT1 filter 

paper squares． le Imper was immedia ly ilrmaersed 

iⅡ_ce-cold 75 innlol‘L_。to stop the reaction 

The paperwas thenwashed threetimes(10rain eachj 

in ice—cold 75 mmoI_L-。，rinsed with EtOH 

(100％ j．dried with a hair dryer，and immersed in 

scintillam． Theiadioactivitywas me asured by aliquid 

scintillation spectrometer(LS 6500，Beckman j． Pro— 

tein concentration of the supematant was determined 

with bovine se响 alhanin (BSA)as standardt ． 

The CL-'DPK Ⅱactivitywas expressedinthe amount of 

P．incorporation (nmol·min一 -g一 )． 

Statistical analysis Values wel'e exlxeased as 

j± ． Tile statistical analysis of the data was per— 

formed by ANOVA followed by the Dullcan's ilew 

multiple rangemethod  orNewman—Keulstest． 

RESUI IS 

Anoxiafor30min resulted in significantjnhibitiou 

0f a：DPK Ⅱ activity in rat hilrpocamp~ and sMatal 

slices．and the enzyme activity fell to 29．2％ and 

27．0 ％ ofthe contro1．respectively． 

Preincubation with Sch-23390，a specific D_一like 

dopamine receptor antagonist，diminished the anoxia- 

inducedinhibition ofa：DPK Ⅱ activity in rat hippo- 

carnpaI and striatal slices． The significant protections 

wgreobserved with ScIl-23390 at 5—50 gmol·L一 in 

rattappoc,~ slices．whereas舯 一100,umo l’L一 in 

rat striatal slices，withthe enzyme activity ~ rved up 

t0 63．7％ and 66．1％ of the contro1．respectively 

(Fig1)． 

Treamaent with domperidone，a specific 一like 

dopamme receptor antagonist， also produced a 

onncentration-dependent attenuation of the inhibition of 

CL-7)PK 1I activity induced by anoxia in n 

hippocamp~ and striatal slices The significantprotec— 

tions 忧 0bserved w岫 domperidorm at 0．01 t~mo l- 

L。。in mt hippocampal slices．whereas 0．5 t~mo l’L 

-n mt s岫atal slice ． nle llmXlnatull protections、vere 

observed with d0r叩eridOIle at 1 ttmol·L一’in rat 

tappocam~ slices．whereas 5／~mol。L一 in mt striatal 

slice．theenzymeactivity was preservedto6o．8％ and 

56 5％ 0ftl1econtrol，respectively【Fig 2)． 

Many mechanisras have been proposed to ~ plain 

the dopaminergic aeurotoxicity． One possibility is that 

direct dop~oille receptor stimulation may mediate 

dopaminergic Dellrot0xicj巧． DDp l1e receptors carl 

be classified as“Dl—like”(Dl and )or“D2一like” 

(D2，D3， and D4 j based upon both mo lecular 

biological and ph~amaco logical similarities． D1-like 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


lSSN 艘 97．56 Acta Pharmaeol Sin 

E-trail aps@sa、 shc~c cn 

中国药理 学报 1999Nov；舯 {11) 

Ptm／Fax 86．21—6474-2629 

Fjg 1． Cmlca1l玎It|删 -dep日I pH e幽 of Nd'l- 

233帅 al~ ntst田∞，白-irIdIl0ed iI山埘dDl1 0f CCDPKⅡ 

activityin rat hjplm∞ {A)and stria诅】slices 

cB)． =5 rats． 霉± ． c尸<0．0l侮 柚0xia． 

and 一like receptors are Wesent in the hipI)。campI1s 

and striallnn． There have been conflicting reports 

about receptor subtypes mediating ~ tmerglc 
neumtoxic during cerebralise~miaL ， ． 

The results of 吐le present study showed that 

specific dclPa血 ne Dl—like 0r 一like receptor antagonist 

could diminish the inlIibition of CCDPK Ⅱ activity 

induced by anoxia in rat hipl~campus aⅡd a咖 1 It 

suggests that the excessive release of d( 砌 1e during 

cerebral ise~mia is involved in ischemia-induced 

inlfibition ofCCDPK II activity by stimulation ofD】- 

like or n)一like receptors． Hi concentration was 

necessaryin rat s~atal sficesfor Sch-23390 Of domper- 

idone to cause significant protection，which might result 

from that more dop~aine WaS released during cerebral 

isehemia ortherewerelnol~doparmne佗ceDtorsin山e 

L 

啦 2． 0mcem日d∞·depeⅢ pr ec 

perid0雌 奄 aj】nst锄m面 i1Id1蒯  血m 0f Oa珊 ( 

ⅡaetMtyin rat hi坤0c 叩 (A)and st~ ml 

(B)． =5 ra协．霉±s． <O．0s， <O．o1侮 

s~iaaun than those in the hjpp0c缸npusL ’。’ U。
． 

CaM um is a pivotal factor in isd~．mic nd Dnal 

aarnage． Many investigators have proved that —like 

dop~aine receptor mediated eleva60n of in~acellular 

calcium levels by a vailely of mechanisms． The 

relatiomhip between 一like~ arilille e咖 aⅡd 
calcium levels varies with the host oeIts and tissues that 

have been studiedL ． Our results suggests stimulation 

0f —like recel~or media柱 Ⅱ inhibition of a：DI’K 

1I activity in rat hippocaml~S．皿d stria~ ． 11le 

inl~Ntion ofCCDPK II activity iS ealcium-del~ tent． 

Therefore， our results may SUl：~ rl the repor~ that 

stim~ ing 一like receptor subtypes c．皿 elevate the 

intl~ceUul缸 calcium conogntr~on in rat hjpp0c缸npus 

and strialum． 1~pareme receptor antagomsts could 

Ⅲ 啪 ㈣ 舯 砷 帅 如 0 啪 帅 种 蛐 加 0 

_ ．．．
HlE ．芎暑 、 l̂ =)I 口 _J 
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only paIlially protect 11110xia-induced inhibition of 

CCDPK 11 activity，which suggests that the inhibition 

ofCCDPK 1I activityis also relatedwitll otherfactors． 

1ather山all dopamine recept0rs 11lis is consis~nt wi山 

our previous results which showed that glutamate 

receptors， voltage-gate calcium channel， ctc were 

involved in the inhibition of CCDPK 1I activity during 

ischemia／5．11j
． The inhibition ofOcDPK Ⅱ ac廿vity_s 

accompanied by tbe activation of Caz 一calmodulin． 

independentform ofthe enzymet12J
． 1t elevafion of 

the intracellular caleimn concentration results in all 

autophosphoryhtion of the enzyme at a threosine 

residue，rn ． The alltophosphorylation ll'lak~s the 

ki订ase convert fmm the Caz ．calmodulin dependent 

form to Caz ．calnmdulin-independent form
．
山e Ca2 一 

calm~ ulin dependent actM ty is inhibited and tlle Ca2 一 

calm~ ulin independent activity is enl'aq／lced 

Excessive activated CCDPK 1I can potentiate 山e 

prcsynaptic release of glutamatd ．bLlt also promote 

subsequent responsiveness of p0stsy【la c N一~ myl-D· 

aspa~ e(SMDA)receptors or non-NMDA receptors 
to 崩 eas。d glutamate by phosphorylating these 

mcep[ois~1~,153
， which results in enhanceitlellt of 

exeitotoxieity of EAA． All above results may support 

o[1r hypothesis that Dl—like and 一like receptors· 

stimulation l~r6ally contributes to dopmrtinergic 

neurotoxicity during cl~PJoi'al ischemia by elevating 

intracellular calcium leveIs whichleadsto activation of 

caleium-~pendent enzymes，including CCDPK 1I． 

On the other hand．tlle massive release of dopanline 

during cerebral isch a coilld enhance excitotoxicity of 

glutamate by actiwaion ofCCDPK Ⅱ． 
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多巴胺受体拮抗剂对缺氧诱导的大鼠脑 Ca2 ． 

钙调素依赖性蛋白激酶 J】活性抑制的保护作用 

尺 2 
侯筱宇，张光毅 (徐州医学院生物化学与分子 

生物学研究中心，徐州 221002，中国) 

关键词 多巴胺；钙一钙调素依赖性蛋白激酶 

缺氧症； 90；多潘立酮；海马；纹状体 

腺苷三磷酸 6CD?
,／~L 

目的：研究多巴胺受体拮抗剂对缺氧诱导的大鼠 

海马、纹状体脑片c ．钙调素依赖性蛋白激酶Ⅱ 

(CCDPKlI)活性抑制的影响． 方法：采用大鼠海 

码、纹状体脑片体外缺氧模型(置于95％ + 

5％ O0，)，以 P．掺入法测定 CO PK lI的活性． 

结果：缺 氧 ∞ min，大 鼠海 马、纹状 体脑 片 

CCDPK lI活性 分别 降低 为对 照 的29．2％ 和 

27．0％． Sch-23390(特异性 一样多巴胺受体拮 

抗剂)和多潘立酮(特异性 ．样多巴胺受体拮抗 

剂)对缺氧所诱导的酶活性抑制均可导致浓度依赖 

的保护作用． CCDPK lI活性最大可恢复至对照 

的60％左右．结论：多巴胺在缺氧诱导的大鼠海 

马、纹状体 CO PK lI活性抑制中有重要作用，其 

作用机制与 n 样和 样受体有关 

(责任编辑 李 颖) 
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