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Antagonistic effect of／-stepholidine on striatal ischemic injury in 
rat1 
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AⅡ江：T0 elucidate the protection of l-stepholidine 

(SPD)oi1 neuronal molphology and function against 

the stfiatalischemic injury in rat M匝田}Ic Is!nle 

forebrain ishemia to Spmgue Dawley rats was induced 

with four-vessel occinsi0n． Histological examination 

was performed onthe dorsolateral striamm with cresy1． 

violet stain． In striatal slices of rat as an in vitro 

ischernic model， the activity of calcitma／calmodulin- 

dependent protein ldaase Ⅱ (CCDPK)and lactate 

dehydrogenase(LDH)was examined by the method of 

P-incorporation and colorimeOy． respectively． 

RESUI IS：In the SPD-treated groups，most of the 

／le．O／'ODSin the striallm~kept the normal morphological 

田'口 Ⅱarlce after 30．rain ischemia followed by 6-h or 

12-h reperfusion． n number of rletu'ons was much 

inol~in SPD groups than that in vehicle group． nle 

sparse and abnormal ileklrolls were obs~wed in the 

vehicle group． SPD attenuatedthe ischernic effect on 

the CCDPK activity in striatal slices． In addition， 

SPD inhibited the leakage of LDH from ileltll'on$ 

induced by ischernia in incubated striatal sfices． 

CONCLUSION：SPD pmtezted striatal neul~ns against 

ischemic injury and antagonized the inhibitory action on 
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CCDPK activity induced by ischemia． SPD reduced 

the leakage of LDH from striatal nelll'olls induced by 

ischernia． 

n1e sUiatum is o[1e ofthemost scasitive 西oilsin 

the central ilel'VOll~ system to transient cerebral 

ischemia、 ． n striatum is heavily innervated by 

nigrostriatal dopaminergic and~rticost6atal u蛔miII- 

eIgic projections． n excessive release of dopanune 

tDA) and gIuta】 (Glu) js involved in the 

development of ischcmic striatal neu~nal血ma啦 引． 

DA rrfi play a pivatol role in the hypoxic—ischemic 

brain dsiil~e，butthe potentialmechanisms underlying 

doI，amine蝤c netuotoxicity are remained uncleart ． 

1-Stepholidine(SH))，Olle oftheteWdaydroproto- 

berberines， ]3ossesses the affinity for DT and 

印妇 ，and shows a Dl agonisdc-D2 antagonistic 

dual actionin behavioral experimentsL ． Ourprevious 

worksindicated that SPD had an antagonistic effect on 

hydroxyl fxee radicals(OH·)(to be submitted)． In 

the present study． the authors intend to study the 

protection of SPD from striatal ischemic damage． 

Calckma／calmodulin-~pen0ent protein kinase Ⅱ 

(。[DPK)is highly speci丘cfortheiI~rvous system and 

greatly concentrale~ in the strianmll圳． The overload 

ofintracellularCaz isthou血 ttobe a pivotalfactorin 

ischemic cerebral iniury Elevation of intracellular 

Caz concentration leads to activation of 0口)PK and 

l'P~uIts in cellular damage This enzyme activity is 

very sensitive to the ischernic cerebra -mjuryL ． 
Therefore，research ofCCDPK activity would provide 

insight into the molecularmech~ of~o0manergic 

neurotoxicity in striatal ischemic injury． In addition， 

lactate dehydrogenase (LDH) was released aher 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


074 

ISSN o253-9756 Acre nI 【rla∞【Sin 

E-nmll aps@Sel~L-r shone ac 

中国药理学报 1999 Dec；20(12) 

Phn／F~x 86—2l—6474-2629 

isehemia and was considered as all indicator of 

~ury／ ，in tbe~esem work，the effects of SPD o11 

CCDPK activity and the LDH activity during ischemia 

were studied 

Chemicals SPD (Shanghai Institute of Materia 

Medic~,Chinese Academy of Sciences)．nap 161— 

162 oC， 。JD-440℃ in pyridine， dissolved in a 

small amount of HqSO4 0．1 mol／L．then diluted with 

distilied water and adjusted wlth NaoH O．1 112o1／L to 

pH 5．0 — 5．5． Fhenyl methyl sulphonyl fluorlde 

(PMSF)，histone，sodium metabisulphite，and ATP 

were purchased from Sigma，UsA 7- P A1]P 

t185 PBq’mol )was provided by Beijtag Yahui 
Biomedical Co．China Other reagents were of AR 

Spragee-Dawley rats(0，weighing 220 g± 

20 g)were supplied by Shanghai Experimental Anim~ 

Center，Chil~se Academy of Sciences(Grade Ⅱ， 

CeRificate № 005)． 

Transient forebmin ischemia Transient 

ischemia was induced using the foor-vessel occlusion 

methodt~J
． In brief，rats w~i3e subiected to forebrain 

ischemia for 30 min by the occlusion offour vessels． 

One day priortoiscbemia，bilateral vertebral arteries of 

rat"qqere electrceoagulated under anesthesiawith chloral 

hydrate(300 mg’ -。，ip)and bilateral COl／lnlon 

carotid arteries (BCCA)were exposed andan occlusion 

devicewas placedloosely around each anerv After12 

— 24 h．the BCCA were occluded bytwo small carotid 

clipsfor 30 rnin Thenthetwo clipsw雌 rele．~edand 

recirculation was established． After that，the wounds 

were sutured． During the experiment， rectal 

temperatRrewas kept over 37． ℃ ． 

]JaJstological examination S|x or twelve hours 

after recircuhtion．the rats were anesthetized and killed 

by intraeardiac perfusinn with 100 mL saline followed 

bv 30o mL 4％ ice-cold paraformaldehyde in phea- 

pbate buffer (PB)0．1 mol·L-。． 1 e brain was 

removed from the skull and postfixed in the salTle 

fixative overnight Blocks of strlamm Wel'e dissec瞄  

andimmersed into 30 ％ sucsose in PB 0．1 mol·L-‘ 

un tilthey saak 1be serial coronal soctious of striatom 

were cut(15-um thick)in a cryostat con~ponding to 

the plane of Bregma 0．7mmaccoia~ tothe Paxinus 

and W atson atIas． The sectious were st~ led with 

cresyl violet and examined by light microscopy． 

Striatal slices preparation and drug 

application Male Spmgue-Dawley rats weighing 

200 g一 220 g were decapitated and the brains were 

placed in ice-cold Krebs-Ringer solution tin rranol· 

L_。：Naa 122，KCl 3．1，KH2PO40．4，MgSq 1．2， 

CaCb l 3， NaHCO~25， glucose 10； pH 7．4) 

equilibrated with 95 ％ 0 +5％ CO2． Striat~ slices 

t350岬 )were prepared with a McILWAIN tissue 

chopper and preincubated in nolTila] Krebs-Ringer 

solution and incubated with or without drugs for 20 

rain． During the course of preincubation and drug 

application． incubation rnediIlIT1 was co ntinuously 

bubbled with 95％ +5 ％ CQ'． SPD was added 

20min before exposureto free．glucose and 95 ％ CO2 

+ 5％ 0 solution． an ischemic mode l in vifro． 

After experiments．the sliceswere qtticklY collected and 

frozenin liquid nitrogen until used ． 

Assay for CCDPK activity The slices were 

homogenized in a glass homo genizer on the ice bath 

th ice-cold homo genization buffel-(in mmol·L-。： 

Tris-Ha 2o；egtazic acid 2，NaF 2，PMSF0 5， ME 

10；pH 7．5)． n e homo genatewas spun at 10 000x 

g at 4 oC for10 min，andthe supernatant waft assayed 

for CCDPK activity by the previous method⋯ ． The 

radioactivity was measured bv a liquid scintillation 

SDeClrometer(I -65OO．Beckman)．Protein eoneenWa． 

tion  of the supematant was determined by the Lowry 

method wi th BsA as staodard． The 0 )flK aetivity 

was expressed in the amount of P-incorporation 

(nmol·min ’gI1)． 

Assar for珊 I activity hl a second set of 

experiment．the release ofLDH measured． Snces 

Ⅵ Ie incubated with Kl'ebs-Ringer solution at 37 oC 

un der95 ％ +5 ％ CO2． Following preincubation 

for 90 min，slices蛳 transferred to 丑ucose—free 

Krebs-Ringer solution containing SPD or vehJcle． 

After 20 min，hypoxia was induced by switching to 

95％ C + 5％ O2 for 30 min． The Enzymatic 

activity ofLDH inthe supematam wasme asured using 

thecolorime tryL10J and expressed as King's unit oftotal 

protein con~ t- 

Sta~dcal捌睢山限is Date we're expressed as 

x± and the statistical analysis was performed with 

followed by the Donc~l'S multiple range 

me thod． P <0．05 indicates that the difference was 

statistically significant． 
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Efiect of SPD On ~tiatal ne山加 s after 

ischemia Histological examination WaS performed in 

six serial sections of the striatllln． RemaIkable 

ischemic damage occurred in the strialal nellroil$at 6 h 

or 12 h after 30．rain ischemia． The sDarse and 

abnormal laellrOil$were observed in the vehicle group． 

Particularly，t~llrOil$in the dorsolateral part of striamm 

were more heavily damaged with irregular shapes and 

dense staining，and many neuronal loss Fig 1C，D) 

However，inme SPD group 3o Ing‘ _。，ip×3 d， 

prior to ischemia)the numbers of surviving laeuroil$in 

striatum Ⅵm  sigrfificandy increased and the most of 

rleul~ns in the striatum had mtmd r~ hological 

appear'~ce【Fig 1A，B) 

SPD antagon~ed the inhibition of CCDPK 

acfivityinducedbyis~ emia 脚 hyl~xiafor 30 

rain． the activity of CCDPK in striatal slices WaS 

significantly deereased(P <0．01)． The rlornlal value 

ofthe CCDPK activity WaS(83．5±9．4)mnol·min叫· 

2一 ，but the activity of CCDPK WaS decreased tO 

(39．0±6 9)nmol-mill -g_。． Afterincubationfor 

20rain with SPD(O 1—50 m l·L )followed by 

30 min of isch~lia． the CCDPK activity gradu~ly 

increased． At SPD l0 l·L_。， the CCDPK 

acfivity was raised tO(66．3±5 2)mm1．rain_。·g_。， 

which showed that SPD could antagonize the inhibitory 

effect of ischemia Oil CCDPK activity(Fig 2)． 

SPD reduced the leakage of UDH from 

s臼ja叫 sliees reduced by ．蝤clleⅡ吐a Ischemia 

couldincrease thelevel ofLDH from the striatal sfices 

F堙1．Photographs sh ng口e刚 violet s ∞c雠  rat曲 m withischen血 f0r B0血 and 

re口e曲域0ll for 6 h【A，c)and 12 h cB，D)． 舶 叭Is 咖 吐 ac吐。盥 of~IIPD明叫ist isc 坩ic。md~：ed豫I-r0mI 

swere shown．A，B：SPD c3olIIg·】cg～，x3 d)；c，ll：vehicle· 
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SPD concentration／pmol·L。。 

F 2． Protection of SPD against inl@oifion of 

CCDPK activity induced by k~chemia in rat striatal 

slices． The slices were incubated with s即 for 20 

rain followed by 30-rain L~Alemta． 12=6． i ± s． 

<0．01 w contro1． <0．01 vehicle． 

mediated viatheleakage of cellmembrane． Following 

the hypoxic time extended，the activity of LDH in 

supeifusate was graduallyincreased． After hypoxiafor 

10min．20rain．and 30min，the LDH activitieswere 

increased by l3％ ，3O％ ，and 60％．respectively． 

~eVl'leBthe incubation,,villa SPD (0．5—5O儿m0l·L ) 

for 20 mill followed by ischemia for：30 min．this 

leakage effect induced by iscbemia W'd,S significantly 

inhibited． SPD at 50 ~raol·L could abollsll the 

ischemia-inducedleakage ofLDH(Fig 3)． 

门 l 耋 
西 ●[ral VeIIj~le 0 5 2 0 I 

SPD concestrafion／pmol·L 

Fig 3。 EI蕾ed 0￡dJ~ere．qt伽nc聊衄吐io璐 of $PD on 

isd惦曲 ．induced release of【删 from rat Sll~h?Azd sliCeS． 

The shoeswereincubatedwith SPD for 20 北dnfollowed 

by 30． isd l曲 ． = 6． 量 ± s． >0．05， 

0．01 contro1． <0．01 vehicle． The ccmtrol 

value：(62．4o±5．33】KirIg tmit／g protein． 

DISCUSS10N 

From bOnl of morphological and biochemical 

fmdings in the present paper， SPD exhibited the 

protective effect on siftatal ischemic injury in v咖 and 

in vitro． 

The four-vessel occlusi cm model WILS used to 

produce completeforebrairlischemiawi血 reperfusionin 

rat． 1he cardiovascular and l~spiramry centers i11 the 

brainstem stlll receive eilough blood flow from spinal 

arteries to reⅡlain vital functions while forebrain 

structures are rendered Severe ischemiaI．it J
．  In this 

experiment，ischemia was maintained for 30 mill before 

the carotid clampswere released and reperfusionbegan． 

rIllis characteristic damage is verv reliable． 

ischemic duration for the cell death is various in 

different brain areaas． Striatal cell loss is ma：dmaI at 

6 h一24 h whereas CA1 cell loss of the l1i n：ampus 

requires 72 h to reach 乜 maxiroaI leve1． Our 

experiment found that s~atal cel1．m1ury was very 

obvious at 30 rain of ischemia followed by 6 h of 

reperfusion． Under the saine isehemic and 

repeffusional condifiom ，SPD could protect stria~ cells 

against this ischemic ury observed from Ilx~ o- 

logical examination． 

We selected CCDPK as a麒De曲 黜 tal target for 

the followingl~aSolLs：(a)0 is~gtay eci& in 
the nervou s system and greatly concentrated in the 

striattma；(b)0ⅢPK may be involved in Ca2 - 

depende nt reactions regulated by the intracellular C：az 

duringischemia；and(c)DA Vi丑Dl and D2 receptors 

mayinfluence NMDA receptorfunction andinaacellular 

Caz concentration，and in turn regulates the enzyme 

activity ． For example，the activationof Dl~ceptor 

may increase PKA activity and enhance DARPP_32 

phosphorylation， Phospho-DARPP．32 is a potem 

inhibitor of protein phospbatase 1(PP-1)and reduces 

CCDPK dephosphorylation． D2 receptor has a 

synergistic action with NMDA l~ ptor in presynapfic 

把硼 ina】． DA may enhance the influx of extraceIlular 

Ca2 
． 

release of intracellular Ca2 storage by 

receptor， and post-receptor sjgna1 transductloa 

mechanism． ．Itle antagonism of SPD agamst the 

decrease ofCCDPK activity in vitro reflected the effect 

0f SPI) oil _衄ti-hypoxia mechanism， such as the 

decrease of intmcellular Caz concent ration and the 

．1_u—g i 、j ： z 0 v 

∞ 帅 加 舯 呻 ∞ 帅 加 0 

10 =0u-l0 、 目 2 善 rI 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


1SSN025．3-97,'56 ．t~taPharmacoI Sin 

E-mail s@ w  shcnc ac c口 

中国药理学报 1999Dec；2o(12) 
Phn／Y~x 86-21—647 2629 1077 

enzyme autophosphoryla6on in ViVO 1tle decrease of 

CCDPK activitymeasured in vitro inthe present study 

as an indicator ofincrease ofCCDPK autophosphoryla． 

tion ／n vivo． 1tle autophosphorylation converts the 

kinase from the Ca2 ／CaM dependent form to Ca2 ／ 

CaM independent form，which resuIts in the inhibition 

of Caz ／CaM．dependent activity． 

Infocal forebraln ischemia Hillered et at found a 

7O-fbld and a 30-fold increase of smatal DA and 

glutamate (au) concentration respectively in the 

extracellniarfluid 驯 Besides vascu1ar reactivity，free 

radicals produced 血Ⅻ gh excessive DA metabolism． 

and neulotoxicity of DA itself， the excessive 

stimulation ofDA receDtots byDA duringischemiaand 

repeffusion phyed an important mle on striatal ury． 

Hashiraoto et al reported D2 receptor activation  WOUld 

beinvolved in c~otoxic effectt 一
．  

As olle of the novel tetrahydropmtoberberine 

analogues， SPD possesses both of the receptor 

antagonistic action and potent anti-oxidative effect 

against free radical damage Possibly， these two 

characteristics of SPD were involvedin the protection of 

stliatal nenrons against ischemic injury 

Be sides rfiorphological appro~hes utilized， the 

LDH activity assay was used as a reliable biochernical 

method to detect neuronal membrane injory in 
ischemia． Membrane d~aTlage，as indicated byleakage 

of lactate dehydrogenase into superfusate， occurred 

coincidentaUy wi山 Caz influx and A11P loss during 

both hypoxia and ischemia． DA released during 

ischernia may be responsible for the production of 

oxidative free radicals， such as 0； and 0H · 

Hydroxylindical is山emosttoxicalindical and plays a 

critical role in many pathological plx)Cesses【 。 ] In 

the experiment，SPD significantly dgerease the activity 

ofLDH afar hypoxia．showing the evidence that SPD 

caIl decreasetheinjuryinducedby hypoxia．Itmay be 

oresumed that this protection of SPD is related to its 

ability to scavel／ge hy0avxyl mdica1． 

In conclusion．SPD can protect striatal neurons 

fromischemicinjuryinmorphologyandantagonizethe 

effect of ischemia on the CCDPK activity and LDH 

release． As a DA receptor antagonist and hydroxyl 

radical scavenger ． SPD ma y be utilized as a 

cytoprotective drug to aneⅡu ischenfic neuronal 

injui3, 
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左旋千金藤立定对大鼠纹状体缺血性损伤的拮抗 

7 l 
唐放鸣 一，丁允闽 一，陈幽婷 ，孙亚 ， 

王 然 ，张光毅 ，金 国章 · ( 中国科学院上 

海药物研究所，上海 200031；哚 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 ；t垒壁童塞； ；喧璧虫 
Ca2 钙调蛋白依赖的蛋白激酶；乳酸脱氢酶 

目的：研究左旋千金藤立定(SPD)对大鼠纹状体缺 

血性损伤的拮抗作用． 方法 ：用四动脉结扎形成 

大鼠前脑缺血模型，焦油紫染色从组织形态观察 

纹状体中神经元的变化； 纹状体脑片孵育的缺 

糖缺氧为离体缺血模型，用同位素 P掺人法和比 

色法测定 CcDPK和 LDH活性的变化及 SPD对它 

们的影响． 结果：缺血30min复灌6 h和12 h，对 

照组大鼠纹状体大部分神经元丧失，细胞形态异 

常；而 SPD给药组大鼠纹状体神经元未见明显减 

少，形态基本正常．SPD减轻缺血时纹状体脑片 

CCDPK活性的降低及 LDH的漏出． 缺血 ．30 rain 

复灌6 h和 12 h，对照组大鼠纹状体大部分神经元 

丧失，细胞形态异常；而 SPD给药组大鼠纹状体 

神经元未见明显减少，形态基本正常． SPD减轻 

缺血时纹状体脑片 CCDPK活性的降低及 LDH的 

漏出．结论：SPD对纹状体神经元缺血性损伤有 

拮抗作用，并可拮抗缺血对纹状体神经元 CCDPK 

活性的抑制及 LDH的漏出． 

(责任编辑 李 颖) 
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