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Neuroprotective action of dextromethorphan in rat photochemically—induced focal 

cerebral ischemia 

YIN Ke—Jie，SUN Feng-Yan2 (h~ional Key Laboratory of．Medical l~urobiology，Departmem of 
Neurobiology，Shanghai Medical University，Shanghai 200032，China， 
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棚 ：To study the effects of dextromethorphan 

(Dex)on photochemically-indueed foeal cerebral 
ischemia i11 rats． 伍 H0DS： Anesthetized 

rats undergone 10．mi n light irradiafion on 

exposed skull after rose bengal injeetion were 

pretreated with saline and Dex at 3 doses【12．5， 

25， and 50 nag·kg_。， iD， 15 min before 

ischemia)． 1he altemtion of volume of lesioned 

eortical region， regional cerebral blood flow 

(CBF)，6cZ．2 and bax expression at penumbra 
area were studied． RESULTs： Dex dose． 

dependently decreased the infarcted Y0ltllllC 

(17％ ，26％ ，and 50％ reduction，respec． 

tively)． Pretreatment wi￡h Dex at a dose of50 
mg‘kg improved the posdsche hypoperfu- 

sion compared with the control at 20 and 30 mi n 

after lesion (b0tll 3l ％ increase)，and also 
upregulated the expression of ania。apoptosls gene 

bcl-2． C0NC1J)sI()N： Dex protects against 

isehemie neuronal darrlage in this model and its 

effects on CBF and bc1．2 expression may 

contribute to its neuroprotective action． 

The 

glutama te 

excitatory aⅫ m  

and aspartate are 

acids (EAA) 
the pred~m'tinant 

excitatory neurotransmitters in the mammalian 

brain． Normally， they activate postsynaptic 

receptors． one of which is coupled to ion 

ehannels． including NMDA and lion—NMDA 

subtypes． However．excessive release of EAA 

and overstimulation of their receptors lead to 

postsynaptie overexeitation and eventual cell 

death of surrounding neuronsin some pathologies] 
stales such as cerebraliscbemi a．which has been 

called as exeitotoxieity of glutamate l,2j
．  
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Although sevel~ noncompetitive NMDA antago- 

nists have been successful in attenuating Val'iOUS 

pathological changes following focal cerebral 

ischemia． tI1eir side effects 1imit tI1eir clinical 

uses- ． Dextromethomhan， a widely used 

antitussive drug， is a NMDA antagonist and 

prevents neuronal death indueed by focal or 

global cerebral isehemiat ， ． 
Apoptosis may be involved in the delayed 

neuronal death induced by cerebral ischemiaL ． 

Apoptotie neuronal death is an ac~ve、、process 
州 ch is regulated by specific genes ． The 

purpose of this study was to investigate whether 

Dex had tI1e same nettroprotective e ct on 

photochemi eally-indueed cortical fccal ischemia 

and whether this role correlated with the changes 

in cerebral blood flow (CBF)and apoptosis． 
related  genes bcl-2／bax expression． 

M ATERIAIS A]ND 伍 Ha ls 

Rats Sprague-Dawley rats( ，n=28， 
weigh ng 25O ± 20 g，from Dept of Experi- 

mental Animals，Shanghai Medical University) 
were equaUy divided into 4 groups：1)ischemie 

group with saline，2)ischemie group with Dex 

12．5 Hlg’kg。。，3)isehemie group with Dex 25 

Ⅱ1g’ _。，and 4)isehemie group with Dex 50 

rag·ks～ ． 

~ eals Dex and rose bengal were 

purchased from Signm Chemical Co， USA． 

Antibodies against bcl-2 and were purchased 

from Oncogene Seience， L『sA． ABC kit 

purchased from Vector L ． SA． 

Ischenfia modelt”J Rats were anesthe． 

tized wi￡h choral hydrate 360 mg·kg ip an d 

fixed on a stereotaxic apparatus (Narishige 

Scientific Instrmnent Lab， Japan)． After 

injecting robe bengal 80mg"kg～ intothefemoral 

vein，a beam ofcold light【Olym~s，Danmark) 
was finely focused Oll the exposed flat skull at 

1．8 nlnl posterior to the bregma  and 2．8 inm 

lateral to the mi dline． The irradiated light 

persisted for 10 mi n and sensitive light wave was 

550—10130／ltn． Meanwhile，Dex(12．5．25． 
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and 5O 。kg )and saline weIe injected ip at 
15 min before light irradiation． 

CBFnmasm'ement CBFwasmeasured by 

using a Laser-Doppler flow monitor (Medical 
System Corp，USA)． 11le probe was implanted 

on t}le dura mater4．8 mm posteriorto t}le bregma 

and 2．8 nⅡn lateral to t}le midline． CBF 

measurement w舶 started at 30 min before 

isehe~ a and stopped at 30 rain after ischemia 

and recorded every 5 min． 

Stain and immun~  All 
rats were killed at 12 h afterischemia．and t}len 

fixed through intracardial perfusion with 4％ 

parafonnaldehyde． Coronal 30 bun serial 

sections眦 e cut on a freezing microtome． n悖 

sections were divided into 3 sets． One set was 

s~ned with 1％ eresvl violet(CV)，while t}le 
o山er 2 sets were processed f_0r 6 一2 and bax 

in~'nunohistochenfistry according to avidin．．biotin．． 

pemxidase complex method． 

Data analysis Six CO．hal planes were 

sele~edfrom t}leCV stained sectionsthrought}le 

restrocaudal extent of the lesion in each rat． 

The area of isehemic region at each section was 

detected by Q570 image analysis system(Leica， 
Germany)．and t}len t}le infarction volume was 
ealculatedaccording totlletrapezoidal rule：V： 

tl( l+A2)／2+f2( 2+A3)／2 +⋯·。’￡ 一l 

( 一l+An)／2 (V=volume，t=distance of 

between 2 ~tiacent section． A = infamtion 
area)Lll J． CBF amounts during and after 
isehemia were compared to preischemic Values． 

Bcl-2 and bax immunoreactive positive cells in 

penumbra area per section were counted by 
employing Q57O image mmlysis system． 
Differences between groupswere analyzedby one— 
way ANOVA followed by student Newman—Keuls 

test． 

RESUL1S 

Infarcted volume In CV-stained section， 

the lesioned cortical region app to be pale 
and included 2 parts．the jnfarcted core and the 

penumbra area． nle jnfarcted core was 

characterized by complete neuronal death， 

thrombotic vessels，and mdespm~ inflam~mmff 

cell infiltration． while t}le area penumbra 

appeared to be a distored cell pro／de and a 

decreased number of CV stained neurons． 

Pretreatment wit}l Dex 12．5 or25 mg·kg～ ，t}le 
volutIle of lesioned cortical region showed 17 ％ 

and 26％ reduction respectively as ∞n】paIed 
with vehicle—treated mts (P>0．05)． How— 
ever，administration of Dex 50 mg·kg一 15 mill 

preisehenfia declined the lesioned volume bv 

50％ (Tab 1，Fig 1A—B)． 

1 1． E／~eets D旺 加 jⅡ 地 volume 

#mmclmmlmlly．hl~ ：tdf0衄l 由B血 ． ± ． 

>0．05． <0．05 vehld~ 

CBF Compared to t}Ie contro1． posti— 

sehemic CBF tended to imp rove in ischen-tic mts 

treated wit}l Dex 50哗 · at 20 min and 30 

min after lesion，which increased both by 31％． 
Pretreatmeut with Dex 12．5 or 25 · did 

not show significant impmvement on regional CBF 

afterisehe~a(Blb 2)． 

Tab 2． Ⅱ 0fD口 CBFtater pb曲蝴目娜 h酬  

蛔 l isehmia c ，15面 befo~ ischl岫 }． n哦a 
舯 m 蜘 ∞ mfias 0f OBF to tim- eetlma． op>O．惦  

b1,<O．惦 坩 州  de
． 5nCm 嘲 由叫 -m． 

Genes bcl-2 and bax expression 

Although bcl-2 protein also expmssed in 

penumbra area in jschemic grouD wjth vehicle 

treatment， an apparent upregulation of bc／一2 

expression w鹊 foun d in Dex 5O哗 ·kg treated 

mts following photochemically-induced focal 

cerebral isehemia(Fig 1 C—F)． N0 effects of 

Dex on bax pmtein expression were seen(Fig 1 
G—J)． 一 
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ng1， 碰 0f de H耻lh叫ph叭 吼 dim V曲珊 叫  -2／ 船 ． A—B： 栅 m血hIg C—F： 
0 _皿Ⅲ硼瑚M劬m曲曲 了 G — J： 如如柚m 翊r0d日啦曲 ． 1鞠h岫 group with v曲 k：A，C —D．G 一 Ⅱ． 

1甜·岫 卿 神  邬 吨 ‘l曙一 ：B．E—FI—J， 蛐 ∞re． 

B ：A—C，E，G．I100 8m；D．F，H．J20m ． 

【k。[hDn】enl( ．a non．competitive NMI)A 

antagonist⋯  ． prevents glutamate excitotoxicity 

v／vo 1 J and neuronal death in the cerebral 

ischemia( · ， 
． 

In the present study． we 

found，for the first time，that pretreatment with 

Dex also had a significant neuropmtection on the 

photochemical thrombotic cerebral ischemia 

model， which is consistant with OllF previous 

observation on the MCAO m0de1L 
．  
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It has been reported that the neuroproteetive 

action of Dex was considered associating with 

blockade of neuronal NMDA receptorsL J． 

However，our previous study showed that PCP， 

an also noncompetitive antagonist for NMDA 

receptors，could induce cerebral vasoconstriction 

vitro and chaiag~ the cerebral blood flow 

(CBF) 14J． Therefore． we speculate that 
neuropratectetive effect ofDex may relate to山e 

changes of CBF during the ischemie pathogene- 

sis． In the present study，we did observe that 

pretrealment with Dex significanay prevented the 

decrease in CBF at po numbm area following the 

cerebral ischemia．which was consistent with the 

previous results[15]
． 

Apoptosisisan active cell death processand 

has been considered implicating in the 

pathogenesis of ischemic seeondery neuronal 

damageL。J． It associates with the activation ofa 

genetic pmgram in which apoptotie effector genes 

promote cell death， while repressor genes 

enhance cell surviva1． Several recent researches 

on apoptosis-related genes in mamm~an cells 

focused ontwo proto．onoogenes，bd．2and box． 

which have an opposite role in controlling 

apoptosis． Bc／-2 protein can block apoptosis 

and promote cell survival， while 6c protein 

heterodimerized with 6 ．2 accelerates apoptosis． 

Ihe∞ scheIllic infarct volLime was significandy 

decreased when bc1．2 was overexpmssed using 

nloleeular biolo#eal techniquesL ． Meanwhile． 

bc1．2 gene expression was upregulated in the 
sur,Aval neulons in the rat brain following the 

cerebral focal ischemiaL ． Moreover． it has 

been suggested that the ratio value of bc1 2 to 

6 is an indicator for cell death or survivalL 7 J
．  

In this study， we further found that 

ad％inistration with Dex 5O ·kg increased 

the expression of apoptosis．related gene bc1．2． 

Taken togethel-， the increased pDs schen c 

expression of bd．2 proteinma ybe involvedinthe 

mechanisms of neuroprotective action of Dex． 
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右美沙芬在大鼠光化学脑缺血 中的神经保护作用 

， 

篓 (上海医科大学神矗生物学教研室， k1 忭 、 

医学神经生物学国家重点实验室，上海200032，中国) 

关键词 直羞 簦；脑血流量；堕壁 ；bc1-2基 
因；bax基因 ；神经保护剂 ；免疫组织化学 

婚  
目的：研究 右美 沙芬在脑缺血 中的作 用和机 制． 

方法：采用光化学脑缺血模型，在缺血前 l5分钟 ， 

腹腔注射 l2．5，25，50 rrIg。kg 的右美沙芬，观察 

对损伤区体积、局部脑血流量和 6c1．2／6 表达的 

影响． 结果 ：右美沙芬呈剂量依赖性地减轻损伤 

区体 积，梗 死体 积 分 别 下 降 了 l7％，26％ 和 

50％；在缺血后 20分钟及 30分钟，右美沙芬(5o 

rag· )可明显改善缺血后的低灌流状态；该剂 

量的右美 沙芬还 可以上调 缺血后 6c ．2的表达． 

结论 ：右美沙芬在光化学脑缺血性损伤中有神经 

保护作用，其机制与改善脑血流、增加 6cl一2的表 

达 有关 ． 
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