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KN-62 provides neuroprotection against 

glutamate．induced excitotoxicity in neurons 

GAO Can，ZHANG Guang—y[2 

(Research Center ofBiochemist~"andMolecularBiology，XudwuMedicalCol~ge，XuzJ~ou 221002，China) 

KEY W ORDS sodinm glutamate；Ca2 一calmed ufin 

dependent protein k_nase： KN一62： neurotoxins； 

cultured cells；neurons；phosphorylalion；cell survival； 

piperazines 

AIM ：T0 studythe effects of KN一62，aninhibitor of 

C 一call~ n dependent protein kinase lI(CCDPK 

Ⅱ )， on the damage of cortical nenrons and 

mechanisms of吐Ie 1oas of CCDPK Ⅱ a~ivity induced 

by sodium glutamate(Glu)． METHODS：CCDPK 

Ⅱ activity was measured by P incorporation and 

backphosphorylations of endogenous proteins were 

studied by autofedingmphy． 肛 SUI腮 ：1)KN-62 

provided pa~ial protection against excitotoxicai damage 

only before Glu(100,umoI．L～ ．10 mil1)treatment 

2)KN一62 markedly suppressed the lOSS of 0口)PK Ⅱ 

activity induced by Glu from 48 0 ％ to 90．6％ 3) 

Backphosphorylation of endogenous proteins(especiaily 

50 kDa protein)reducedto 78．2％ ofenntrol after 

treatolent wi吐I Glu． and the reduction was protected 

wi吐l KN-62 added beforeGlu C0NCLUSION：KN． 

62 providedthe protection against excitotoxicity andthe 

loss ofCCDPK Ⅱactivityaswell as backphosphoryla— 

lion of elldogenous proteins induced by Glu． The 

nem'opmtection provided by KN-62 was due to the 

inhibition of autophosphorylation of(℃DPK 1I． 

KN-62(whim solid，rnp 130℃)，1-[N，O-bis 
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(5-lsc~luinolinesulfony1)一N—methyl-L—tyrosyl J-4-pben— 

ylpiperazine，is a specificinhibitorofCa2 -calmodulin 

dependent protein kmase f1． Sodium 鲫utamate 

(Glu)，the major excitatory amino acid(EAA)in the 

CNS has been implicated jn iniury associated with 

cerebral i~hemiaL ． C 一calmodulin dependent 

protein kinase 1I(CCDPK Ⅱ)which is enriched in 

cNS js very sensitive to ischemia． An early and 

persistentlOSS ofCCDPK Ⅱ aetivity is a characteristic 

fealure of cerebral ischemiat CCDPK lI has 

characteristic pI。唧 ies in which autophosphorylation of 

the enzyme converts it from the Ca2 -dependent form 

to the Ca2 independent species
． It has been regm~  

that elevation of intracellular Ca2 levels in cultured 

nem~ns results in the autophosphorylalion of aCDPK 

Ⅱ and prodn~ theCa2 ．independentforml 
．  

nle mechanisms of the 1oss of CCDPK II activity 

by sfmulatinn of glutamate receptors(GluR)are not 

well understood AlthoughtheN／v~A receptor(NR) 

is physiologicallyimportantin along-tema potentiation 

(LTP)because of high penneabili~to Ca2 ．t}1e 

rec印 may possiblybe involvedin pathological even~ 

such as neuronal cell death dmin~ brain iscbemia and 

hypoxia ． Cerebral ischemia of excitotoxicity not 

only inhibits the enzyme activity but induces delayed 

nellronai death (DND)0J We invesfigaled the effect 

of a toxic dose of Ghi on cultured cortical nelⅡDns． 

nleLDH release．EL-I)PK 1I activity．and backphos— 

phorylation of endo gen ous proteins were estimated to 

a the mechanisms of the loss of OCDPlK Ⅱ 

activity induced by Glu in attempts to estabfish an ／n 

tro model ofischemia． 

Materials Spmgu~-Dawley rats(17-of 18-d 

fetus，旱)vrere provided by Animal Center of 

Xnzhou M 五cal College (purchased from Shangh~ 
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Institute ofMareria Medica，Gride 口．Certificate№ 

970l7 and№ 97032)，China． Ghi．I 趣 ， ， 

histamine．NAD，poly-I-lysine were purebased from 

Sigma(USA)． Neurobasal ITIedium and B27 supple． 

meritwere from Gibco【USA)． Homeselllm andfetal 

boyine serum were from Tiar~jing Biochemical 

Company [ - P] rP was from Beijing Yahui 
Company． All the other chemicals were of AR． 

Neuronal cultm~s Comcal cell cultures were 

prepared using method with minor modifications． 

CellsⅥ pipetted into poly—l-lysine—coated wells or 

flasks yielding a final cell counts of 2 x 109 cells／Ⅱ 

using Gibco DM叵M 【DM叵M：containing 10％ horse 

and 10 ％ fetal bovine serdln：glutamine 4 mmol· 

L )． Neurobasal medium 【containing B27 

supplement)was changed at second day and Ileuroiis 

were fed twice weekly． Experiments were performed  

Oilll一15 d 【postlsolation)oldileurons 

CeⅡviability assay Quantitative asses~lerlt of 

tleUrOllal injury v e made using lactate dehydrogenase 

(LDH)release as amarkerfor membrane breakage and 

cell death “． Culmredcellswerewashed 4timeswith 

DMEM 【Selllm free)and Glu【iO0 gmol·L )was 

added directly to the cultore itl~ a． After 10 min 

incubation al lI)Oln temperature，cells were washed 4 

times with serum．free DM叵M I 一62 was added 

according to the designs． Glucose concentration was 

kept at 10 mmol·L一 throughout the expenment 

period ． The cull1．1res were incubated for 24 h to 

mea㈣ thereleasg ofLDH． 

0CDPK 11 activity assay The cultures was 

washed 3 or4till~swith coldHanks’solutionfollowed 

by supersonic tleatment after being scraped In the 

presence of iee-cold homogenate buffer(containing 

Tris．Ha 舶 ，edetic itcid 2，NaF5，PM_sF0 5 reaTlO】_ 

L’。and Triton-100 0
． 1％ ．pH 7．4)． Tbe cytosolic 

fraction was obtained by centfifugation at 10 000 g 

for 5 rain and stored at liquid N2 for the assay of 

0：DPK Ⅱ activity． Cellswerecollectedimmediately 

tomea the activitv 0f0：DPI(1I． Tbereaction 

was performed at 30℃ fl0r 5 rain in a fmal volurr~of 

j0 uL accordingtothe documentL 

Ca2 ／CaM -dependent backphesphorylation 

of endogenous proteins Tbe backphosphorylation 

ofen~vgeflous proteinswere carried out accordingtothe 

mefl'~ods ofNestler- 

Protein assay Proteincontent was detenniued 

by the method of Lowry-et at， using BSA as the 

standard． 

Statistical evaluation Datawere compared by 

test 

RESI II TS 

Effects of KN-62 on the gltmm ~ e-induced 

LDH release in cultured cortical n巳1舢 蟮 A KN_ 

62concentration-dependent reductioni11I H releasewas 

observed．being the most effective at 1．0—10 ~zmol· 

L一 ． KN一62was veil 30min belbreG1u(100grnol· 

L一 ，10 min)at~lication I删 release was measured 

after a h incubation maximal release was 

70 6％ (P <0．05 contro1)a／1 0／ai~l·L～， 

6l 5％，and 56．2 ％ (P<0．O1 contro1)a／5 0， 

l1)．0~Lmol’L’。，respectively tF 1)． 

60 

0 o．1 1 lO 

KN-62]p．mol·12 

ng 1． Conce,atratlan,response retali~ii of KN-62 

a Iinst 61u excitottnddty in an ltuted rat cortical 

nela~ons， n = 4． 霉 ± s． >0．05． b／,<0
．os， 

<0．1H w tm~xo1． 

Neuroprotection achieved  by KN一62 (5 tanol’ 

L )was strong only when it was added before Glu 

(100 『ml·L_。，10 rain)application and included 

throughout the postinoabation period． Neither 

simultaneous administration with Glu ilor post-Glu 

application ofKN．62 showed neuroprotection(Tab1)． 

Efleet 0fKN．62 ontheGlu-inducedless of 

CCDPK Ⅱactivity in cultured corticalI-．1u煳  

Excessive Ghi cau,~ the lOSS of CCDPK Ⅱ activity． 

KN．62 protectedthe activity ofthe eilzyme significantly 

from 48．0％ (P<0．01，vs coiltro1)to 90．6％ 【P 

>0．05．vs contro1)，whereas I _62 None did not 

influencethe activity ofCCDPK lI【Tab 2)． 

目喜 n1I)_10 ∞ 王凸、 
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lab1． Efleet of mode of athainisttafio~ of l 62 帆  

thedegree ofiR-otecfioa．~againstGIu in cultured cortical 

neumons． n=4． 量±s． >0．05． <0．叭 哪 GIu． 

Addition LDH releas巴／％ 

Glu 

GIu+ KN．62 

(G]u+KN~2) 

KN埘 +Glu 

02+ Glu q-KN-62 

l册 ± l7 

± 

9I±ll 

62±6c 

49±11 

* ：posl-Glu印 caⅡ硼 ； * ：simultaneous afln~nistrafion 

Tab 2． Effect 0f l ．62 仰 the Glu-induced l0鞯 0￡ 

CCDPK Ⅱ ac 姆 in culmred cortlca~neu 枷 ． n=4． 

量±s． >0．0s．叩 <0．01懈 conRo1． 

Cotlffol 

G】u 

Ⅺ  62+Glu 

KN—62 

l00±5 

48±4 

9l±60 

l02± ll 

Effect of l0 62 on the backphesphoryla- 

tion of endogenous proteins Backphosphorylation 

of endogenous proteins， especially the 50 kDa， 

decreased when cortical nellronsⅥ exposed to Glu 

(100 t．,mol·L )for 10 min． Pretreatment with 5 

gmol·L 0f KN一62 for 30 min prevented the decrease 

of backphosphorylation of endogenous proteins caused 

bv Glu．V~flereas KN．62 itself did not influence the 

level of backphosphorylation of the 50 kDa protein． 

Whel1 the 50 kDa subunit 1evel was examined using a 

U1昀 Violet Products Analyzer．1ane B is 78．2 ％ of 

laneA+whed'easlaneCis95．3％ ．1aneD isloo．0 ％ 

(Fig 2)． 

DISCUSS10N 

CCDPK Ⅱ js highly enriched i1,1 llPAl~us both _n 

the pre-and post-synaptic compargnents where it is 

essential t0 netLrotransmitter release and _mductin玎 0f 

u  J
． O口)flKⅡis a serine．threonine kinasewhich 

c|衄be a |衄increase in[c ]．(bound to 

calmodulin)， following an appropriate agonist 

stimulation soch asGlu． Once activated bytheC ／ 

50kDa—’ 

A B C D 

～ ●■■ 

●■ ●■ ●■●  

} l-62 一 一 + + 

G 一 + + 一 

Fig 2． Effect of l0i-62 0n the Glu-~ back- 

phosphoD4afie~ of end nm腰 pcoteh~． 

． 2O ％ 一8O ％ 0f the enzym~activity is main- 

rained byi convgrsionto aCa2 ．independentform via 

autophosphorylation．耵1e catalytic activity of CCDPK 

Ⅱis regulated by the autophosphorylation of 1b比86／ 

"Ihr287 tin the D subunit)which are responsible for 
generalion of the Caz ．inaependant activity~11]

． 

Themfore，to examinetheroleof CCDPK Ⅱin EAA— 

mediated excitotoxicity in fetal rat cerebrocortical 

cultures．we usedthe specificCCDPK 1I inhi~torKN一 

62 with proven cell permeability KN．62 inhibited 

CCDPK Ⅱ competitively with respect to Ca2 ／CaM 

and was effective at inhibiting the activity of CCDPK 

1I only before its autophosphoylafion ． It has 

proved that KN452 e．an reduce accumulation in 

NMDA mxicity and in oxygen／glucose deprivation 

The observation that orea'eatment with KN．62 is 

necessarv |n IDdllcing Glu—induced excitotoxicity 

indicates that the neuroprotective effects of this 

compound aremediated byan intracellnlarmechanism． 

KN-62 does not provide a complete bl0ckade of Glu． 

mediated excitotoxicity implicating that such an insult is 

mnltifactoda1． 

Since KN-62 can provide partial protection against 

excitotoxicity．we fim／ler investigated if it tall l：gO(eCt 

the activity of CCDPK Ⅱ． Our results showed that 

pretreatmentwith KN—62 almost completelyanlRgol／ized 

the loss of acdvity of the ~／lzynle induced by Glu， 

whereas KN．62 itself had no effect on the activity． 

changes of backpl~-phorylatinn 0f endogenous 

proteinswere consistentwiⅡ1the changes ofthe activity 

0f CCDPK 1I．which means that Glu caused the 

飘 垂 ●■◆蟊 
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decrease of levels of backphosphorylation of endogenous 

proteins(especially the 50 kDa protein)，whereas 

D n嘲 n1】ent witbKNlo2may protectit． 

Other evidence have verified that the molecular 

weight of the d subunit of CCDPK Ⅱ，which can be 

autophosphorylated by increasing of[Ca2 J】，is 50 

kDaL Our mstdts indicated that Glu caused the 

decrease of backphosphorylation of the 50 kDa protein 

v#ro． which represented the increase of 

aumphosphorylation of a subunit in vivo， thus the 

Caz ．dependent o口)PK 11 activity decreased． 1tIe 

activated o口)PK 1I (Ca2 ．independent)then phos． 

phorated subswates including NR，which Call induce a 

serious of physiological／pathological reaction callsed by 

the enhancement of Ca2 ．influx~l 

We think that the revelsible phosphorylation of 

Glu receptors (G】l】R) is very important during 

ischemia． Taken together，the pI t data suggest 

that KN．62 inhibits autophosphorytation of CCDPK Ⅱ 

induced byGl u_ 
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； p。。 pal N i 995 15： ffmol。L-。，10 m'n)作用前加KN·62可部分保护神 
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c

⋯

ult
⋯
ured rat ：。 “。 哪憾 A血A。 M白d 化水平下降， 结论：l0 2对a]DPK lI活性的保 
“ ： 。_ 护作用是通过抑制 CCDPK1I的自身磷酸化而实现
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