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Intraventricular vascular endothelial growth factor antibody 

increases infarct volume following transient cerebral ischemia1 
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factors；immunohistoc hemistry 

h。 ； p时 “一 INTRODUCTION 

endothelial growth 

AⅡ ： T0 clarify the 17ole of vascular endotheliat 

gmw~l factor{VEGF)in neuronal damage induced by 

cerebral ischemia M匮THODS： Expression of 

VEGF in adult rat brain was measured by 

immunoNstoc hemistry． Transient middle cerebral 

arte15'occlusion (M AO ) model was induced by 

placing a nylon thread in the lumen of the interltat 

carotid arte15' The infatet volume was shown wi【h 

2，3，5-triphenyltetrazohum chloride (_rI℃j staining 

and quanlitated by computer image anaty~r wi【h and 

without VEIGF antibody' trealmenI RESULTS： 

VBGF expression was widely distributed in neuronal 

cells besides vascular endotheliat cells， and the 

neuronal distribution of VEGF was specific Afar 

intYdvelltricular treatment with VEGF antibody(O．1 g· 

L_。daily,，for 7 d following the ischemia)．infarct 

volum einthe antibody'treatmentⅥ咀sinCl'e~ versus 

venicl~treated rats 【21．6±2．7 vs 16±6j ilnrJ3．P 

<0．05j respectively,． CONCLUS10N：lntraventri- 

enlar inio rion of vEGF antibocly increased the infarct 

volmne after focal cerebral ischemia in rats，suggesting 

that expression of neuronal VEGF may be one of 

neumnat pmtecfive mechanisms． 
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Vascular endotheliat grow~ah factor【VE强F)is a 

dimefic glycopmtein of approximately 46 kDa that is 

sWacttwally related to platelet．derived growth Ncmr ． 

Initially jdenfified bv _戗 ah-Jj|y 【0 inc vascular 

permeability．VEGF has atso been shown to posse~s a 

potentangiogenic activib． In additiontoits Rlmot· 

associated angiogenesis and vascular penr,eabil时， 

VEGF has been demonslratedto expressirlthe cultured 

astrocyte， cardiac myocytes． cornea， and ovarian 

folliclesu—a J． Mon．over．VEGF mRNA levels were 

reversibly increased in cultured cells subiected to 

hypoxiaL ．and the expression of VEGF in cardiac 

myocytes was induced by ischemi a in vitro and fa 

vivo、 ‘ ． However，the expression of VEGF mRNA 

in the cultured astrocytes or cardiacmyocytos c0uldbe 

enhanced by hypoxic stimulation that was not directly 

rented t0 the anoogenesis 。 ． In ollr previous 

stodv． VEGF rrIRNA and VEGF were time． 

dependently expressed in the neuronal cells following 

the cerebral ischemi a， suggesting that VEGF may 

participate in neuronal pathophysiological pr~．．ess after 

cerebral ischemial However． a comprehensive 

analysis ofthe distribufion of VF( wi【hin the CNS 

has not been undertaken， and the functionat 

significance of the expression of neuronal VEGF 

induced bvischemi ais not known． The present study 

was to observe the neul~nal distribufion of VEGF in 

central nervous syrstem and t。assess【he 113le of VEGF 

in pathophysiologic process aftercerebral ischemia． 

M ATⅡ UAIS ND n叮 IODS 

Sprague—Dawley rats 

(220—24O g，Experimental Animal Center of Shang- 

hat Medical University．Gudde 11．Ce~ificate No 02· 
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22—2)were anesthetized with soditlrfl pentobarbital(40 

mg‘ ～，ip)，perfused intracardiacally with normal 
saline．followed by 4 ％ fresh paeaformaldeh3，de in 

Dbosphate-buffer saline 0 1 meI．L (PBS，pH = 

7 4j Serial COl'Onal slices(30}m1j of bmin were 

made on a freezing microtorne． The sections were 

stored in the modified cryoprotectant solution at 

一 20℃． 

Sections were used for immunohistochernistry． 

The sectiom were washed with PBS，wetreated with 

0．3％ hvdrogen peroxide for 10 rain，incubated wi廿1 

10％ normal goat serana／0．3 ％ Triton x_100for 30 

mil1．mbbit anti—VEGF (1：l【x]O from Santa Cruz 

Bioteehnology，Inc)at 4 oC overnight，biotinylated 

goat anti—rabbit IgG (ABC kit from Vector Lab)at 

l：200 dilution for 30 min． avidin-biotin—peroxidase 

(from ABC kitj at 1：100 dilution for 45 min，and 

stained with 3，3'-dimnino-benzidine／hydrogen per— 

oxide (DAB from Sigma)． Immunocytochemical 

control sections received the sal／le treatment except 

exposure to the iⅡlary antibody and showed no 

specific staining． 

Carmula placement Sprague-Dawley rats 

(220—250 g，Experimental Animal Center of Shang· 

hal Medical Uhiversity．GradeⅡ，Certificate No 02— 

22—2)were peritoneally anesthetized with 10％ cMoral 

hydrate(36O mg )，and stereotaxieally implanted 

with guide carmula(0D0．8wan；2-0111long)into the 

lateral cembral ventricle at Bregma 一0．8 lllUl；R 1．4 

inm ；H 4．0 111111 The guide caimula was secured to 

skull wi廿1 dental cement After a 3-day recovery 

~rfod， rats were subjected to cerebral ischemic 

operation 

Focal cerebral i~hemia model Three days 

after cannula implantation，rats were weighed again， 

and anes廿1etized wi廿1 10％ c~oral hydmle(360 mg· 

) Then the focal ischernia model was induced 

which was largely based oil ale廿1od de~ribed by 

Longat In brief
． Sprague-Dawley Pats(220—250 

g)were peritoneally aIlest 【ized wi血 10 ％ chloral 

hy血舭 (360 mg‘ j，and a ta anery was 

cannulated for monitoring blood pH，Po味 and Pn， 

which withinthe physiological range．nle rectal 

tenlperature was maintained at (37± 0．5)℃ by 

heating pad and h~fing l唧 ． Under a dissecting 

microf,eope．me superior thyroid an d pteD,gopalafine 

arterieswer'eisolatedand coagulated，andthe occipital 

artery was ligated． A 4．0 monofilament nylon suture 

was introduced into the lumen of the intemal carotid 

arteryfor alength about 22mrflfor1 h 

Experimental protocol Rats were subjected 

to ischemic surgery and randomly divided into 2 

groups： the control group was treated with vehicle 

‘rabbitIgG0．1 g‘L。。dailyj；theantibody groupwas 

treated with Ⅵ强F antibody (0 1 g’LI1 daily)． 

VEGFantibody or rabbitIgGwasinjectedicv between 

8：30—9：30 am every day following the iscbemia for 

7 d． 

h-f哪 vohane assessment Seven days after 

cerebralinfarction，ratswere decapitated． Brainswere 

immersed in cold saline，and were sectioned into six 

standard coronal slices(2-inm thickj． Slices were 

placed inthe vital dye 2％ T1℃ at 37℃ i11the dark 

for 30 mm．and fixed by 10％ formalin at 24 ℃ 

overnight． 

Statistics Infarct volume of each brain slice 

was analyzed by computer in,age analyzing system． 

Infarct volumes i11 vehicle versus VEGF antibody． 

treated ratswerecompared bytwo-tailed t-testfor each 

experiment． Datawelx~expressedas j±s． 

RESUIJ1S 

Distribution of vEGF in adult rat brain 

VBGF protein was widely expressed in the adult rat 

brain． Inmaunohistochemistry showed that positive 

staining was restricted to neuronal cytoplastic 

per；nuclear regiotls and principal dendrites The 

densities of VEGF_like po sitive staining in variOUS 

brain reas were detected by microscopic image 

analyzer{Fig 1)． n intonsi~"of reaction varied 

with thelocation ofthe neuloils． 皿le highest densities 

0fVEGF_likepositive staining ceIts were foundin the 

granule cell layer of dentate gyms l'flg~llm 

densities were seeil i11 the pyramidal layer of 

neocortex，cingulum，piriform ，entorhinal，septal，the 

diagonal band ofbroca，the pyramidallayer of hippo- 

campus， nucleus of veiltromedial thalamus． ventro— 

posterior tl】alm us． paraventricular hypothalamus． 

arcuate hypothalamus， and ventromedial hypoth— 

alamus． The lowest densities were noted in the 

amygdaloid nucleus，nucleus accumbens，subiculum ， 

nucleus of prcoptic hypothalamus，mammi~tary body， 

and genicutate body． There was nopo sitive staining 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


[SSN 昕 Acta PttammcoI Sin 

E—irmil aps@s~we[shcnc+ac cn 

中国药理 学扭 l999Apr； f4) 

Plm，Fax 136-21．6 4-2629 3I5 

J ．， 气 
、● 

’

． 

膏  

， 

； 
’  ． 一 

、  

b ‘●  

K - ， 

尊 _ 
’ 

41P 

A  

● ‘ 
f ● 

· 1．： 

i1 rf1 

．j， ．i 

帮 jil 

Fig1．Neuronal dislwilmllon ofVFAGFinthe adult ratbrain cn=11， 

Photographs showlow·【A—C．G—I)and high，cD—F，J—L)powermagnifications of repcesen~ vefields oll 

clxⅧ sections，A)Cingu~te col'rex。B)Dorsal septal nucleus．C)Medial septal nuclet~， 

G)Genictdate body．H)Basomedial mnygdaloid—I)Substan~ n~gra· 

in the lleOCOl~X of molecular Iayer， external layer， 

inner~'anular Iayer， ganglion layer， and multiform 

layer．(Tab 1) 

Furthermore．the expression of VEGF was time— 

dependently increased in the n~ut-ons in the MCA 

territory following the cerebral ischemia Throughout 

the experiment，neurons in the areas remote from the 

ischemic temtory showed no apparent imman oreactivity 

壤 
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Tab1． Thedensity ofnem'onal disⅡ Ⅱ∞ ofVEGF in 

adulttatbraha(n=3)． 

Brain regions Density 

1 Telencephalon 

Cerebral cortex 

Molecular layer 

External la3,er 

P a 捌 layer 

Inner grmnular layer 

Gat~gfion layer 

Multiform layer 

Cingck ~n 

ViFifoFwI 

Entodainal 

Amygdalatlllcleu~ 

Septal later，media]area 

Striat~TI 

Caudate putal／len 

Nucleus accombens 

1k di鲤on baId of broca 

pp0∞mpa】complex 

Dentate g s 

Hippocmmpt~ 

CAl 

Ĉ 2 

cA3 

CA4 

Subiculunl 

Ⅱ Dieneeplaalon 
allllls 

Ventromedial thalBrnic nL_cletin 

Ve『muD∞ thalmnic nuc]etlts 

H)~pefhalamus 

Para'~lenuicular 

Preoptic 

Ventmmediai nuclei 

Mammillary body 

Arcuate 

Ⅱ『 B甩instem 

Substanfia nigra 

GellieI_late body 

+ + 

+ + 

+ + 

+ 

+ + 

+／ 

+ 

一 )O；+)<29 Xlo3 A／Ⅱ ；++)(30—59)×l A／ 
删 ： ++ 4-)>60 l03A／m 

change of VEGF compared with controls(unpubfished 

aata) 

Effects ofVEGF antibody 0Ilthe neuronal 

dallla~e induced by focal cerebral ischemia 

VEGF antibody(H=11)or vehicle(n=7)WaS 

ected icy daily following the ischernia for 7 d． 

hifarct volume in the antibody tl~t1]itent was increased 

versus vehicle—weamd rats l(21．6±2．7 V5 16±6) 
ram3

， P<O 05]respectively(Fig 2) 

Vehicle VEGF antibody 

Fig 2， Coronal slicesin a rat brain reperf~ ion 7 d 

after l-h M CA occlusion． Black areas 0 s 

infarct staiJledwithm ． 

Our results demonstrate that VBGF iS widely 

expressed ．m many regionsinthe adult rat bmin．Which 

see~l,s not directly relating to the distfibufion of the 

cerebral blood vessels according tO the morphological 

characteristic of positive staining cells Analysis by 

morphological appearance showed that it seemed 

importantthat neui'ollS就Ⅲessed VEGF iI1 the central 

nervous system，althougl1Ⅵ弼F has been shown to 

play a role in mediating the increase of both capillary 

permeability and angiogenesis． Neuronal distribution 

of VEGF in the mature brain may reflect that VEGF 

played possible roles in neul~physinlogical process in 

the central nervous system． since the vasculanzation 

WaS completed ．the rate of endothelial eel1 profiferafion 

was verylow+andthe blood-brain．barrierWas intact m 

the adult ratbrain “J． 

固 圆⑨ 
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In our previous study．we observed that VEGF 

was time dependently expressed in the neuronal cells of 4 

rat brain after a transient cerebral iscI1eTnia【9 J 

Especially．in the hippocampal CA2 and CA areas． 

the cells which ale inore resistant to the ischemia and 

ale destined to survive were observed to highly express 

VBGF However．in the hippocampal CAl alea．the 

cells， which ale s~lnerable to cerebral ischemia or 6 

traumatic brain iniury and are destined to die were not 

observed to express vEGF【 ． Recent studies of 

permanent and transientⅣICAo in PaLs also showed 

increase 。f VEGF Dmtein in ne un]ns[13一。 
．  

In the 7 

present paper． we obviously obse~'ed that VEGF 

anfilxMy could enhance an infarct volume induced by 

ischemia． whid1 was consistent with the Icesponse of 

ischemic m【s to chronic infusion of VEGF into the 。 

ischemic COle as recently reported by Hayashi el al 

Putting together．it suggests that increased expression of 

VEGFi11the neuronsmay be a beneficialfactorfor cell 9 

survive following the ischemia 

BesidesVEGF could be expressed in the neuFons 

around ischemic penumbra alias ，it was also expressed 

in the endothelium in the ischemic core． However． 

whether VEGF call protect cerebral tissues from 

ischemia through formation of new capillary collateral 

channels still needs to be further elucidated． 1_ 

1， 
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侧脑室注射血管内皮生长园子抗体 7 ；、彳J 

加重短暂性脑缺血后脑损伤 尽 西 
、／ 

包维丽 ，陆世铎 ，王 寰 ，孙风艳 - - 

( 七海医科大学医学神经生物学国家重点实验室， 

上海 2(~32； 上悔市生命科学研究中心，上海 

2(~3031，中国) 

关键词坠塑 丝 ；耍垦 望 ； 管内皮； 垦兰堡旦 
；龟疫组织化学 舀白F 

目的：研究血管内皮生长因子("V~GF)在脑缺血再 

灌注引起的神经损伤中的作用 方法：用免疫组 

织化学方法观察 VEGF在 SD成年大鼠脑内的表 

达；用大鼠大脑中动脉阻死再灌注模型，结台TI℃ 

染色和计算机图象分析测量脑梗死体积，观察 

VEGF抗体对缺血性脑梗死体积的影响 结果： 

成年太鼠脑内的神经元上有大量VEOF表达，此表 

达具有脑区分布的特异性；侧脑室注射 vEI坪 抗 

体，脑梗塞体积为(21．6±2 7)IIu ，对照组为(16 

±6)It1I (P<0 o5)．结论 侧脑室注射 "v~GF抗 

体加重脑缺血再灌注后脑损伤，提示神经元表达 

的 "v~GF可能对缺血的脑组织有保护作用． 

(责任编辑 李 颖) 

关于申报评选 1999年第三届 

中国药理学会 Setvier青年药理学工作者奖的通知 

经中国药理学会与法国Sorrier研究院商定．现将 1999年第 届中国药理学会Servi~青年药理工作者奖申报评选工作的通知： 

l 获奖候选^条件 ： 

1【 巾国药理学会尝员： 

I 2 年龄在37岁(1962年l0月3l只眦后出生) 下； 

1 3 在罔内lM事药理学研究弗取得优秀成绩，不包括在国外做过的工作： 

I 4 n获奖之日起至少在国内T作 一年以上 

2 撤名 盛评进程序 ： 

2】 符合上述条件的青年药理学丁作者接到通知后可向各地医或直辖市评选负责人(名单列后1报名．报名截止日期为 1999年 7月31闩 

( 邮戳为准J 报名时需报送 下材料：t1)十^简历，中英殳各 份：(2)束发丧的论文一篇．全文用中空或蓖文撰写均可，但摘要和 

罔点须用英文撰写：(3)二伉专家【教授或相当职称者)的推荐 『jl并经单位同意及加盖公市 

2 2 初审抨地评选负责^(或学会，组织专家对本地区巾报材料进行评审，评选出3名候选^t西南、重琏可多报 l一2名)，将其材料及 

车地区专家组评审意见丑排名顺序．于 1999年8月底前报送中国药理学会办公室(100050北京先农坛街 1号中国药理学会孙静霞收) 

2 3 终审：由中国药理学会组织专家评审．选出l2一l6名候选人送 Se~'ier洼方专家评审 9月由中法呵国评委共同评出8名获奖者 

3 颁奖 

】999年 l0爿在两安”中国药理学会世纪之交学术会议“期问举行颁奖活动，将发给每位获襞者荣誉证书和壹万元奖金 

附：仝国各地区评选负责人名 ： 

北 京 张均 田 100050中国医学科学院药物研 究所 

林志彬 1000~3北京医科^学基础医学院药理系 

诲 ￡永钻 20CC62卜海医科大学药学院药理教研室 

太津 刘昌孝 3CO193国家医葑管理局天津药物研究院 

西北 山元让 710061西宣医科大学药理教研室 

南、蕈废 包定元 610041成都 华西医科大学基础医学院药理审 

华尔 徐叔云 台肥 安徽医科大学临床药理研究所 

南 曾繁典 《㈣ 武汉 同济医科大学药理毅研室 

东北 车 智 IIt瑚l沈阳 中目医科^学药理教研富 

千丰祥 l鲫El古l韩省 中医学院附属医院新药研究中， 

华北 仆雷鸣 150017石家庄 河北医科大学药理教研室 
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