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Protective effect of melatonin on injuried cerebral neurons 
is associated with bc1．2 protein over．expression1 

LINGXiang，ZHANG L_啪g-Mei，LU Shi—Duo，LI Xue-Jun，SUN Feng—Yah2(National Key LaboratoO,of 

MedicalNeurobiology，Depa~mentofNeurobiology，ShanghaiMedicalUniversity，Shanghai200032，China) 
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uranunohistochemisa'y；cerebral arteries 

删 ：To study the protective effect of meiatonin 

面nst neuronal injury and the possible mles of 

alterationinthe expression of bcl一2 and bax following 

brain ischemia． M册 加岫Is：Brain ischemia was 

induced by left middle cerebral artery occlusion 

【MCAO)for 60 min in rats． Brain damage was 

evaluated by the infarct alga and the neuronal cell 

counting． le expression of bcl一2 and bax was 

analyzea by immun ohistochcmical method． 

RES IIl1S：Meiatonin decreAsed the infm~ct area and 

prevented the ilelllDnal death after 24．h reperfusion  

f0llowing l-h ～贮AO． Melatonin given before the 

ischemia enhanced the expression of bcl-2 in the 

penumbra area and had no significant effect on the 

expression of bax． CONCLUS10N： Meiatonin 

effectively a札enu删  iscbeⅢic brain injury and 

increased the expression of nean~nal bcl-2 in the 

ische~c brain，indicating that the protective effect of 

melatoninwas associatedwi血 tr0-reguladon of bc1．2in 

ischemia-induced neuronal death． 

Oxygen free radicals 

chronic neuronal damage． 

of free radicals were not 

Melatonin was a potent scavonger of free radicalsL 
． 

Because melatonin had high l|p dty and 

dittusibility，it e．Asily entered neulXJllal cells throu【曲 

blood-brain barrier aad gained a。。ess to ever3,． 

subcellutar comp~ t where it might exert local 

protective effect． 

Cerebral ischemia resulted in neuronal出口age 

which invoked necr~is and apoptosis． Oxygen free 

radicalswerelm．1ci~ in apoptoficcell death．The 

bc1-2 proto-oncogone had emerged as co~ Et 

regulator for multiple apop~tic p~away． The active 

form of bcl-2 protein，which promoted cell survival， 

was a heteredimer with bax 

death．[ Expression of bc1
．2 

which accelemled cell 

was observed in the 

survivral neol~BS following cerebral ischemia and 

prevented proglammed cell death in vitro L ． Our 

previous study revealed that meiatonin decreased 

production of hydroxyl radical during cerebralischemia- 

reperfusionL ． This ted us to investigate whether 

。
melatonin could produce neuroprotection in the rat 

hiabas following iscbemJa-w0erfusion and wbethea- 

alterationsin the expression of bcl-2and bax proteins 

were associated with fleulonal protection following 

subeutanous iniecfion of meiatonin prior to cerebral 

ischemic ury 

were inv01ved In acuteⅢld MATERIALS AND MEI~ODS 

However，most scavengers 

so effective as we expected 
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Che~ieals Melatoninwas kindly gifted by Prof 

XIAQi-Ceng(Shanghai Chemical Reagent Factory)， 

and fleshly prep删 wi th physiologic saline containing 

3％ Twenn 20． The bax and bc1．2 antibodies were 

purchased from Oueogene Science．USA． ABC kit 

was purchased from Vector Laboratories ，USA． 

'l'reatmant of rats Sprague-Dawley tats(舍， 

n=49)weighing 210—250 g(Experiment Animal 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


410 

lsSN 艘53 9756 Acta Phanmcol Sin 

E-marl aps@s~iwer shollc．ac c口 

中国药理学报 1999M州；20(5) 
P F缸 86~21一晰 4_2629 

Center of SPm gha~Medical University，Grade II， 

Certificate No Cr2．22．2)were housed under a 12．h~ght／ 

12．h "dark cycle witl1 free acGe~s to food and water． 

Rats were allestl1etized witl1 ip chloral hydrate 3o0 mg· 

kg～ ． Their arterial bloods were collected to lileaStlD~ 

pH，PO2 and pCOz． He~mgl丑rnp and Padwere used 

to maintain brain temperature which was estimated using 

a 23一gauge stainless thermocouple probe(Barnhart Co， 

IL)inserted inte the tempor,dis inuscle ． Rats within 

normal range of physiologic variables were subjected to 

transientfocal cerebralischemiainduced byleItmiddle 

cerebral artery occlusion(MCAo)． Briefly，a 4—0 

nylon suturewitl1 a expandedtipwas advancedfrom the 

external carotid artery into tl1e lumen of山e intemal 

carotid artery until it blocked tl1e origin of tl1e left- 

lateral mi ddle cerebral artery． Rats were randomly 

iniect~d sc witl1 vehicle or melatonin aL doses of 2．5． 

5，or 10 mg‘ -。． ection was given at 15 mill 

bef0re and aL 6 h as well as 12 h after ischemi a． 

Sham-operated rats were sul~iected to 山e sarfle 

pl'OC~ ures without nylon Slllllre inserted into the lurnen 

0f山e carotid artery ． All experiment D“)00du蜷 an d 

'niections were conducted in a blinded fashion． 

Sectionpreparation Ratswereanesthetized by 

chloral hydrate and intracardiallY pelfused  witl1 0 9 ％ 

saline， followed by 300 mL fixative of 4％ 

paraformaldehyde in phosphate-buffer saline(PBS PH 

7．2) 0．1 mo1·L at抖 h re0erfusion after 1-h 

ischemi a． Following the reperfusion． brains were 

posfo：ed in山e same fixative overnight．tl1ell immersed 

in 20 ％ and 30 ％ sucrose SOlutions in PBS until 

sinking． Coronal brain sections(30 tan)were cut at 

1．2 111131 to 一3．3 Illill bregma level oil freezing 

mi crotome and stored at 一2O ℃ in cryo-protoctant 

SOlution consisting of sucrose／ethylene glycol／PBS for 

histologic~ stucry． 

Cresyl violet staining Sections were stained 

witl1 cresyl violet． Infarct areas were measured by 

computer image analyzer． Total and viable cell 

counting was performed oil the mi croscopy in 3 

di骶rent areas per section．山e ischemic core (center 

part of caudate putamen)，penumbra area l(1ateral 

venWal part of caodate putamen) and penumbra are：l 2 

(paieml codex)，which corresponded to the areas of 

the areas ofA，B，and C，respectively(F 1)． 

e number ofcellsin a sectionwas given byan 

average from 3 cotmtings in each area per secdon． 

Fig1． Cell counting areain brmn slice． 

A)ischemtc core，B)p臼nⅡIIbra龇姐 1．and 

C1 penumbra a 2． 

Percentage of viable cells was calculated ：％ of viable 

cells：(viable cells in ipsilatera1)／(total cells in 

contmlatera1)×100％． 

Ham and bc1．2 study 

S~[iolls~acentto cresyl violet s[t3Jn~ were subjected 

analysis． Se~Jon$were 缸 ed 

in 4 ％ paraformaldelyde PBS for 15 min．incubated 

with 0．3％ O2for10 rnln，10％ noima[goat senⅡn 

wi山 0．2 ％ Triton X．1o0 for 30 mi n．ei山er bax or 

bcl-'2 polyclonal rabbit antitxx|y 【1：40， from 

Oncogene Science，USA)at 4℃ for 72 h，biotinylated 

goatanti-rabbitlgG (ABC kitfromVectorLab．USA) 

atl：册0 dilutionfor 30min．avithn．biotin-peroxidase 

(fromABC kit)atl：100 dilutionfor 45min．stained 

with 0．05％ thaminobenzidine (Sigma， USA)／ 

0．()1％ 02． 

Immunocymchemical control sections received no 

pIillla~"or secondary antibody and showed 11o specific 

staining． Bax and bc1．2 positivecellswere countedin 

the center part of candate putament，lateral ventral pan 

of candate putamen and parietal cortex． 

Statistical analysis Data wel'e expressed as 

±s and analyzed using a Olle-way ANOVA followed 

by f．test． 

RESUIJ1S 

Melatonin decreased schemic infarct area 

of rat brain Melatonin washiiected scinto ratswitl1 

a transient ceFebi~ ischemi a an d attenuated the infarct 

&tea at 24．h reperfusion after 1-h ischemia． Compared 

wi血vehicleinjectionl n=9，infarct alea(IA)：(9± 

9)nlii12j，melatenln2．5Ing‘ [n：11，IA=(4± 
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5)In ]，5 mg· 一‘[ =10，IA=(3±4)删 ， 

or 10 nag· [n=10，IA=(2 3±4．1)rr~n'2：， 
showed respectively 55．3 ％ ．碡 ．O ％ ，and 75．6 ％ 

decreases in the infarct area induced by isehemia． 

M elatonin decreased the ischemic neuronal 

death in rats Histonhemical analysis showed that 

cells in the ischernic penumbra alp．as 1 latend ventral 

part of c~tudate putament J ap 甜 pyknosis， 

karyorrhexis，andkaryolysisand draruatic~ ylostin the 

ischemic core at 24·h reperfnsion after 1-h focal 

ischemi a． ／vlelatonin imomved isehemia-induced 

pathohisto1ogical change and attenuated cell Ioss in 

lateral ventral part of caudate putamon ． Melatonin 

itself did not change the cell moqghology in the shorn- 

operated rat brains(Tab1，Fig 2)． 

Tab 1． Increase ofviable cellsbymelatoninfonowtnga 

transient cexebr~ ischemia． 君±s． 

1P<0．05 vehide group． 

Percentage ofviable cells 

Strum-uperated 0up Ischerrac group 

Vehicle Melatonin Vehicle Melatonin 

(n=4) ( =5) ( =9) ( =10) 

Melatonin up-regudated ischemia-induced 

expression of 6cl-2 in rat brains b mu∞histo． 

chemical analysis was used to detect the expressions of 

f．2 and bax in the rat brain following a transient 

focal ischemiawith orwithoutmelatonintreatment． A 

few of bc1．2 and bax immuno-po sitlve cells were 

observed in the sham．operated rats． In the isehemic 

group，bcl·2 positive stained cell highly expressed in 

the survived neul'olls ofpenumbra areas and veryfew in 

theischemi c core(Tab 2)． 

Intheisehemi c ratstreated with melatonin10mg· 
一

，
血e nl1Inb of bcl·2 positive stained cell was 

fRr~er enhanced，especiallyinthe penumbram 1 P 

<0．05 comparedwith vehicletreatment)．However． 

rnelatonin treatment did not change the expression of 

baxin rat brains(Tab 2，Fig 3 J．／vlelatoninincreased 

the expression of bc1．2 in the lateral ventral part of 

caudate putamen． 

Tab 2． Effect of melatonin on the expression of bcl-2 

and bax． ±s． 1P(0．05 vehicle． 

1mmuno-possitive stained cell(number／ram2) 
be1—2 晶 Ⅱ 

Vehicle Melatonin Vehicle Melatonin 

(／,／=9) ( =9) (／,／=9) 【 =10) 

D]B US缸0N 

In the present study．it was obviou sly found that 

melamninconld decreaseintheinfarct areas and protect 

neuronal death following a transient ⅣICAO． 

Combined with the previous report that the levels of 

rnelatonin in the plasma and urine wgre lower in the 

stroke Dadenbl and rats with melatodin deficiency by 

pinealectorny were rflore susceptibilltyto~ hemi athan 

nonTlal ratsL J
． it indicates that melatonin in the brain 

rosy be involved  in the physiological mechanisms of 

neur∞ al protection． 

Several lines of evidence have shown that 

melamnin is a potent hydroxyl and pemxyl radical 

seav~ger throughdifferentmechanisms． Our previous 

studyfoundthatmelatonincould preventtheformation 

of hydroxyl radicals during the ischemia and 

reperfusion ． Puaing together，all data suggest that 

the neuroprotective effect of melatonin may he reLqJA~d 

协 its antioxidant effect． However．direct evidences 

are still needed to show the relationship between 

anfioxida~t and oeuroprotecfiou． Besides， other 

mechanisms might he involved in the neuroprotec6on 

suchas progesterone and adrenal horrl~nesl ． 

Cerebral iscbemia induced eell death in the 

iscbemic temm~ and penumbra areas．which include 

necrosis and apoptosis． As we understood．apo ptosis 

is all active cell death precess regulated by endogenous 

specific enzymes【l0J and genes~ 
．
Amongthem．bc1． 

2familyis consideredas agroupofinl[~l'tantfactorsto 

determine cell death or surviva1． Physically． bc1．2 

can interact with several of i乜 homologous proteins in 

theform of heterotypic dilnersL ． One ofthe critical 

interactions appears to be  bc1．2／bax dimefization~ 

Over-expressed bax accelerates cell apoptotic death． 
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Fig 2·Effect ofmehmmin(10mg’kg一 )∞ the ceⅡmorphol~ inlateral ventral part of caudatepmmnen at 24．h 

repe1~Msionf0Ⅱ哪V如g1-hMCAO． HE stain． A —D：×4o．E—H： x100
． Sham-opem~d(A．El蠲d缸阱  

operated+melatonin cB，F)group showed nomml morphology．ische~a group cC，G)~ eared pyknmis
． 

karyorrhexis-kIry0Iysis and celllostwhich懈 al地lIn删 bymdatonm (D．H)． 
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Fig 3． The be．／．2(A。B)and bax(C，D)hmmⅡ帕 翔 e cellsinlateralventralpartof caudateputm en(B卸 

jn击∞廿nginmethod)at 24 h reperfusion after1 hMCAO． ：corpt~cR]]o~m1． 

Therefore．the ratio of ．2 to bax could be USed to 

reflect the direction of cell survival or death after all 

apoptotic stimulus~3,13]
．
It had been reported that bc1． 

2 over-expression could sufficiently suppress cell death 

inducvd by L·glutamate，free radicals and gluta~ione 

depletionL K~rle et al recently alsofoundthat bc · 

2 could pmv~t cell dea山 by decmasing the cellular 

generation of reactive oxygen sl~ es nle present 

l'eSllits showed 山at raelamnin could increase the 

expression of bc1．2 in the survival lletlions of ischemic 

pcnmnbra afar：is，but not bar，showing the increase in 

the ratio of bcl·2 over bax． Therefore，it suggests 

that one ofthemechanisms ofthe neuroprotective effect 

of melmonin i凸 the neuronal cell death following 

cerebral ischemia probably by inhibiting apoptotic 

process· 

In conclusion，our results suggest that melalonin 

call reduce the infarct area and decrease the neuronal 

death foUowing cerebralischemia and repeffusion． Its 

n~ rotective effectmight be relatedtotheincreasing 

ofthe ratio of bcl也，bar 
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褪黑激素对受损伤脑神经兀的保护作用 

与 bd·2蛋白过度表达有关 

√ ft 足{ 
建—鲎，巷堡生 陆世铎，李学君，孙凤艳 
(1上海医科大学神经生物学教研室，医学神经生物 

学国家重点实验室，上海2171)032，中国) 

善警词 毽墨邀塞i皂旦垒 陋 原癌基因蛋 
白1 c． f．2；bax；免疫组织化学；脑动脉 

l’。 ’ 一 ’’一 ‘————’———— — 一  

I 

目的：研究褪黑激素对受损伤脑神经元的保护作 

用和对脑缺血后 ．2，bax表达的影响． 方法： 

用大鼠大脑中动脉梗死再灌注脑缺血模型， 脑 

梗死面积和存活细胞百分率作为脑损伤指标． 用 

免疫组化的方法分析 ．2，box的表达． 结果： 

缺血再灌后2,4 h褪黑激素呈剂量依赖性的减少脑 

梗死面积，减少缺血周边区细胞死亡，并显著增加 

该区 bc1-2的表达，而对 box的表达则无明显影 

响． 结论：褪黑激素具有明显减少缺血性神经细 

胞死亡的作用，该作用机制可能与神经细胞上 f． 

2的表达有关． 

(责任编辑 李 颖) 
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