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Antagonistic effects of melatonin on glutamate release 
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A埘 ：T0 observe the effects of melatonin(Me1)on 

utamate(Gin)release from the cortical syn叩【0s0埘 s 

-n oldmice and on neurotoxicitvinduced byKC1．G1u 

in cultured cortical cells offetal rat and to explore the 

antiaging mechanism of Me1． METHODS： Glu 

release by the synaptosomns in old mouse cerebral 

cortex was detectedin a spectrofluorodaotometer． le 

neuronal vi曲Ⅱity in primary cultm~ from rat cerebral 

COa X was assessed using ～rrr stain and 1actate 

dehydrogenase(LDH)effllLX in the bathing medium． 

RESULTS：Mel inhibited the K (30 mmol·L )． 

induced Glu w~ase from synaptosomes either in 

calcium dependent or independent conditions l contro1 

(10．6±1．1)，(9．2±0．7)~tmol·g。(protein)；Mel 

0 1tmaol’L (6．5±0．9)，(7．5±0．6)．umol’g 

(protein)，respectivdy，P<O．01 vs control group)， 

mcreased ～rrr activity(contro1 0．67±0．04．0．81土 

O．o3：Mel 0．1Ⅲ 01·L_。0．715土0．o23，O．925± 

O．027．P<0．01 contro1 groupl and decreasedU)H 

effIux【control 0．400±0 016，0．379±0．I)16：Md 

O 1 “II1ol·L O．345 ± 0．02l， 0．34O ± 0 012． 

respectively，P<0 Ol vs control group)，therefore， 

protected the neumnal vlabillty against KCl and Glu． 

induced injmy． CONCLUSlON! Tbe inhibitory 

effect ofMe1 onGlu releasefrom c0rtical synapto~ome 

and the prote~ ve effect of Mel on c0rtical nellrOllS 

against neurotoxicity ale its antiaging mechanisms 
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TRODUCrl0N 

Melatouln(Me1)is a hormone secretedmainly by 

the pineal gland． Many investigators have studied the 

pineal gland andMelin the pruces~s ofb0m agmg and 

age-related diseases The interests aa"e from the 

importance ofMT in a number of biological functions 

and the fact that Mel production in the organism is 

gradually 10st throughout life ． Exogenous Mel could 

serve to prolong life，postpone aging，and reduce the 

incidences of age．related diseasest 

Glu is a rr~ior excitatory nrmrotransmitter in 

central nervous system． Ittakes Dartin nomml activity 

of excitatory neurons．but the excessive release ofGlu 

or inability of uptake wⅢ result in very high 

concentration in central nervous system  which induce 

postsymptosomal neuronal hypemctivity and death 

There is excessive release of a u and Glu excitotoxicity 

in cortical neurons in aging and age-related diseases 

Glu neurotoxicity(GNT)participates in the nellIDn loss 

associated with a nmnbcr of neuro—de田：啪 dve 

dis目lses．eg．Alzheimer disease and Huntington dis- 

ease In this study．we explored the effects of 

Mel onGlu releasefrom thecortical synaptosomein old 

mice and onthe neurotoxiciryinduced bvl，a and Glu 

in primary neuronal cultures so as to understand and 

elucidate the antiaging mechanism of Mel 

Orugs Mel(synthesized by 0IIr institute)； 

Dulbecco’s mothfied Eagles’s lnedia／lTl(DMEM )， 

Horse set~tm donorherd(Cabco BRL，USA)；newborn 

calf s自nlm (1-Iangzhou Bioengineering Matedal 

Institute， C~lina)； 1- utamic dehydrogeaase (1- 

GDH)，NADP (oxidative coenzymeⅡ)(Boehringer 

Mannheim，Germany)；1actase dehydrogenase(LDH) 
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kit(Bering Chemical Factory，China)；M丌 一3一(4，5一 

dirnethylthiazol-2．y1)-2．5-diphenyl tetrazofium bro． 

mide J，Ix)ly-l-lysine hydrobmmide(M 150 OO0— 

3o0 oo0)，BSA(bovine scrtllTl albuminj．Glu，egtazic 

acid【EGTA)，11 【Ⅳ一 s(hydroxymethy1)methyl-2- 

aminoethane sulfonic acid J，HEPI ，M~SO4(Sigma， 

USA)：cytarabine (Shanghai No 12 Pharmaceutical 

Factory，China)．Other chemicals were of AR grade． 

A】】soluti0ILS were prepared with deionized thstilled 

water． 

M ice 0lder Kunming mice (15 months)and 

fetal Wistar rats(16—18 d-old embryos，Grade I1) 

were provided bytheAnimalCenter【Ce rtificateNo 01． 

3001 j of Chinese Academy of Medical Sciences． 

Ineubation solufion NaC1 122．KCl 3．1． 

KH2PO4 0．4，NaHCO~5．0，TES 20，MgSO4 1．2， 

glucc~ 10【rnmol’L )．BSA 16“㈨ 1．L～；pH 

7 4． Itwasfreshly prepax~ before use 

Preparation of cerebral cortex synapto— 

some ， Cortical synaptosomes were isolated from 

old mice(15 months．weighing 44 g± 4 g)． 

Animals were decapitated in a Petri dish on ice． 

Bilateral cerebram cortexes were placed in ice．cold 

sucrose 0．32mo】．L The homogenate vcas spun at 

4℃ ，1000 g for 10 rain 【SCR20BA-centrifugator， 

Hitachi Koki Co Ltd．Japo．n)． 11le supematant was 

placed in the gradient density solutions consisting of 

sucrose 0．8 and 1．2 mo】．L and SITKlll at 4℃ ， 

150 OO 0 g for 50 min (XL-9o ultracentffugamr． 

Beckman．German )． ．I1le suspension layer between 

sueTose 1．2 and 0．8 mo】．L solutions was collected 

and spun at4℃．20OO0×gfor 30 rnin． ne pellets 

were resuspended in sucrose 0 32 mol·L_。． n1e 

content of protein in 0．2 mL of suspension was 

deteimined (752．Z UV／Ⅵ S spectrophotometer． 

Beijhag Optical Instruments Factory．China)． 11le 

content of protein was l g·L_。． 11le suspension was 

spun at 4 L℃．9,5OO×g for 10 min． 11le sediments 

were resuspended in incubafion solution，and stored at 

0—4℃． 

The procedm~ of mea$~ nt The 

premred synaDtosomes were diluted to the final 

concentration of 0．67 g protein·L一 in incub~aion 

solution． and incubated at 37℃ for 30 min． 

Synaptosomal suspension1．9mL incubatedwasmoved 

into the cel1 with stir aDparatos． Then，NADP 0．5 

mmo l·L一0． C 1
． 3 rmnol·L一0 (o／-EGTA 1．3 

mmo|·L一 )． and 1-GDH 25 u were added to the 

sample in sequeflce． 11le total reactive volume was 2 

mL． Bv addition of KC1 30 mmol·L (f|nal 

concenWafionj，5rain1ater，the changes offluorescent 

intensity were continually measured in Ca2 ．Ca2 ．free 

conditions (R ,5O0O recording spectro-fluorophoto— 

meter，ShimadzuCo，Japanj． 

Tlle observations of M el~zlJon Two min 

before the adthfion of Kcl 30 mmo1·L ．four f|nal 

concentrations(0 01．O．1．1，and 3 f珊 】．L_。)of 

Mel were added respectively，to observe the effect of 

Me1 ontheGlu releasefrom synaptosome 

Completemedillnl(g’L‘。) DMEM (net 

Wtj 13．4，newborn calf serlml lo0 mL．horse senlm 

100 mL．N棚 o 3．7．HEPES 2．383．benzyloenici1． 

1in IOO  0OO IU ，streptomycin 0．1：pH 7 2—7．4． 

Primary cortical cell culture 11 mixed 

cortical neurons were 口“那删 from 16 — 18 d—old 

Wistar rat fenlses using Choi’s technique with millor 

moditicafionL (clean working platform．No 1 Semi． 

conductor Apparatus Factory of Beijing．China)． 11le 

cerebml codexwas dissected and gentlylrlturated with a 

polished pipe tte The co rtical cells were filtered 

through nylonmesh(2OOmesh，bole size 95“m)to 3 

× 10 0 cells·L一 with heated．inactivated complete 

mediwn OeU suspension 1 mL of was taken．seed 

onto 24一well plates 【24一wel1 cell culture cluster． 

Costar，USA)coated with i-poly—lysine and incubated 

at 37℃ _n 5％ C(h atmosphere(0 humidified 

incubator．Heraeus．Germany)． 

The medinln containing unattached cells was 

removed and fresh comolete medium was added 24 h 

later Afte／-3 — 4 d in culture． non-nellional cel1 

divisionwas halted by 1—2 d of exposure to cytosine 

arabinoside【final concentration 10~onol·L一。)． 

culto~ medium was renewed every 3—4 d． 

TreaOnent with KCl， Glu， mad Mel 

Experiments were caltied out 12— 14 d seeding．and 

divided into three groups． Senml—free control group： 

11 complete medium was replaced with Selum—free 

medium  Toxic control groups：Final concentrations 

0fKC1 20 1111110】．L_。and Glu IOO “m0】·L were 

addedto the sel'uiil—freemediuin，respectively． Treat— 

ed groups：5rain aftertheMelwas addedin seruln—free 

mediuln(final concentrations 0．01．0．1．and1 nmo】． 

L一 ．respectively)．KC1 20 mmol·L一 or Glu lOO 

t-on ol·L～ was added into the medium ． Then ce】】 
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cuisinewas transfenedto CO2incubatorforl8—24 h． 

M orphological observation Morphological 

changes ot neul~ns were observed and photographed 

吐1 le phase microscope{phase·contrast microscope． 

0lympus，Japan)． 

ⅣⅡT stains Eighteen hour after the cell cultures 

were tmated withKC1．Glu，and Mel，MrIT O l mL in 

PBS{5 g·L-。．pH 7．3)was addedto eachwell of24_ 

well plates (0．5 g·L一 fmal concentration) and 

incubated at 37℃ for 4 h． 50％ DMS0 and 20％ 

SDS mixed solution was added to each well overni ght to 

extract the blue forma~n． C0U viabflity and 

mitochondrial activity were assessed by measuring the 

ability of cortical neurons to reduce MrIT to a colored 

fom1删 L 0 ． The absorbance of forma~n was mea— 

sured at a wavelength of 570 nm {Asm)by 752 Z／ⅥS 

spectrophotometer and expressed as 山e MrIT valueL 
． 

The system was calibrated according to the following 

formula：Inl~bitory rate(％)=AMeI—AG ／Ac咖咖 一 

AGlU or：Inhibitory rate(％)=AMel—AKc】／Ac咖曲I— 

AKcl 

LDH efflux assay Neurotoxicity was estimated 

by LDH activity released into rrl0dja from damaged 

neurons The medium and frozen-thawed cell liquid 

were co llected after the cultures welfe incubated for 24 

h LDH rwas determined by a spectrophotometer at 440 

iqm． The ratio of extraecllulas l I)H 【0totall I)H was 

calculated． 

Staffstical analysis Data were expressed as 

± Significance was determined by f test 

RESI『I 

Efleet of M d on caicium．dependent or 

ealcitma-independent glutamate release In 

CaC12 1．3 mmol·L or calcium-free condition 

(EGTA 1．3 mmol’L )conditions，the synapto~omes 

were del~larized by KCl 30 mmol·L一 ．released a 

large amount of G1u． and the fluorescent intensity 

increased obviously． Mel not only remarkably 

inhibited the Ca2 ．dependent release of glutamate．but 

also reduced the Caz ．independent release of glutamate 

from synaptosomein oldmiceinduced byKCl 30mmol 

· L。 (P<0 O1)(Tab 1)． 

Prevenfion of KCl and Glu neuroto~city by 

M el On l4 d in culture． neurons develo0ed an 

Tab 1． Effect 0￡ Mel ∞ calcitml·dependent Dr 

independent release 0￡glutamate hmn s,ynapuoscmes in 

oldmice induced by KCI 3O nmaol·L by congruous 
fluortm~try． n =5 mice． 2 ± s． <0．05 懵 Ca2 

group． cp<0．0l t ~nlrol group 

extensive network，showing large and phase—bright cell 

bodies． After the culture was changed to sennn-free 

medium，the cell bodies became bigger，the neuronal 

processes shortened arm decreased． en cultures 

V~*Te expo~ ltoKC1 orGlu，swelling and darkening of 

neurons welfe seen， neuritis disappeared ， neuron 

ElumbeF reduced，even debris occurred in some areas． 

1ÎⅧ e sister cultureswere exposedtoMel priorto K(1 

orGin，compa~ with theset'LIm withdrawal group，it 

showed almostwithout or only a slight neuronal damage 

(Fig1)． 

This morphologic change was confmm~ by the 

assay ofMrIT (Tab 2)． KC1or Gluinduced nmarked 

decrease in Asm，Which was nearly abolished by the 

pretreamaentwith Mel，indicatingthat Mel enhancedthe 

cell viability． 

KCl and G1u caused an increase of L DH efnux 

Th e LDH effiux was obviously diminished by 

pretreatment with Mel(Tab 3)，suggesting that Mel 

had a protective effect againstGNT． 

DIscUSsl0N 

Glu is the main excitatory allaino acid(EAA)in 

the brain．but under certain co nditions it can become 

neurotoxic，for example，indu ces a receptor-mediated 

increase ofintracellularfreeCa2 ([Ca2 ]．)ll ，which 

pe rsists alongtime，after theremoval ofthe aminoacid 

from the 1Tl~ urfl[“J
． Persistent stimulation of Glu 

receptors causes GNT and neuronal death A large 

body of evidence has proved that delayed Glu-induced 

neuronal death was associatedwith sustained iltcreasein 
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Fig1． Rat 衄I l~lltt'olls visu山 脚 by pha静 0咂b盛st“ Ⅲ】scope I×2OO)． 1k-'ight-field ho cr0蛐 Iphs 

after日 0sIlrefor 20 h． A)ecm~ l1【cm pletememIm1)．IB)c№ l 2(~ermu-fl'eememm 】． 

C】co 3(Glu100 0~lml·LI1)．D)treated1(Ⅲ 1 10l-L +Glu)． E)c~'m'ol 4 fKC1 20IⅢ呻I·L一 )． 

F)treated 2【Mel 0．01 0~lml·L一 +KCI)． 

Tab 2． Protective effec~ot Mel( -L )on flu 

(100 0~lml·L一 )．and KCI(211 nmm】-L一 )．．山血0ed 

neIⅡ 删 dty．m eult~ced rat cortical cells． =6 cells． 

±s． <0．05． <0．0l哪 Glu 0rKO_岫 咖 删 ． 

‘lP<0．01 l墙sen珊1_fr 删 nmI． 

1Caz J．，and this is a key step in the process of 

neurorual deathI’5· 
． 

The reductioninMelwitl1 agemay be contributory 

to aging andthe onset ofage-relateddiseases． Mel has 

beneficial effects in terms of aging and age-related 

diseases．may be an antiaging hormone． Melatonin 

was recently found to be a free radical scavenger and 

antioxi~nt． It has several fIlnotions in term of its 

amioxidafive ability，readily scavenges,the most hj曲ly 

toxic free radica1． the hydroxyl radicalL“ ． 11}lc 

release of excitatory ali~O acids such as Glu enhances 

endogenous hydroxyl radical forn~tion． 11le activation 

of central excitatory alnillo acid recel~ors suppress 

melatonin synthesis and is tl1erefore accom~med by a 

reduced detoxification rate of hydroxyl iIidicals． Aged 

animals and humans are Me1．deficient and more 
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Tab 3． Inhibitory effects ofMel cItmol·L_。1 on KCI 

c20 mmol·L。。)．and Glu (100 Imaol·LI1)．induced 

inwacellular LDH release in cultured primary cortical 

networl~ in rats． The released LDH acfivity was ex- 

pressed asthepercentage oftotalLDH acfivity released 

I freeze·tlmwed sister cultm~ ． n=6 wells． 

牙±s． ‘_P <0．O1 l艚 GIu or砌 toxic contro1． 

>0．o5．0P<0．O1借 sermn-free contro1． 

Serum-free control 2 57±0 13 

Glu toxic coeu'ol 3．50±0 l8 

Glu+Mel 1 2．56±0 12 

O l 2．78±0．22 

0 0l 2．9l±0．2l 

KCI t0]【jc control 2．97±0．12 

Ka +Mel 1 2 60±0．18 

0 1 2 55±0．17 

0 Ol 2 54±0 25 

7 58±0 2l 

8．73±O l6 

7．86±0 l4 

8．05 4-0 25 

8．15±0．20 

7 85±0．20 

7．50±0．28 

7．49±0．30 

7 60±0．船  

0 ．339±0 012 

0．40O±0 016 

0．326±0．014~a 

0．345±0．02l 

0．357±0．024~d 

0．379±0．01 

0 348±0 

0 34O±0 0l2 

0．334±0．015 

sensitive to oxidafive stress It has been reported 

tllatMel affords protection against kainare-induo~d ／n 

vitro and in ViVO excitotoxicityL ． in vitro lipid 

peroxidationl驯
．
and in vivo apoptosisC21 J in bl~l1

． 

The present study showed that Mel could inhibit 

the C -dependent and—independent Glu release from 

cerebral synaptosomes in old mice，and antagonize the 

excitotoxicity induced bv KCl and Glu in primary fetal 

rat cortical cell cultures，suggesting that the inhibitory 

effect ofMel Oil Glu release，the protection of I~tllons 

against neurotoxicity，ful"the~，prevention of[c ] 
overload and lipid peroxidation in the brain is probably 

involved i11 its antiaging effect． 
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褪黑激素对大脑皮层谷氨酸释放及其神经毒性的 

拮抗作用 

雀 垄，熏苎堡-,／
， 张均田 尸 ／ 

(中国医学科学院 中国协和医科大学药物研究所 

药理二室，北京 100050，中国) 

关键词 塑墨墅重；拿量堕 丝童童；突触体 
培养的细胞；神经元；盔堕鏖旦；塞耋 

目的：观察褪黑激素(Me1)对老年小鼠大脑皮层突 

触体谷氨酸(G1u)释放 及KCI，Glu在原代培养胎 

鼠脑细胞诱发的神经毒性的影响， 探讨 Mel抗 

衰老的作用机制 方法：制备老年小鼠大脑皮层 

突触体，用 RF 5OOO型双波长荧光分光光度计检测 

谷氨酸释放量 应用原代培养的大鼠皮层细胞 

MTr染色和乳酸脱氢酶(LDH)~9定法评估神经元 

活性． 结果：Mel能够抑制高浓度氯化钾 (30 

nmaol·L。。)诱发的老年小鼠大脑皮层突触体钙依 

赖性及非依赖性谷氨酸释放，抵抗KC1和Glu诱发 

的皮层细胞损伤，对神经元有保护作用． 结论： 

Mel对大脑皮层突触体谷氨酸释放的抑制作用 

及对大脑皮层神经元的保护作用可能是其抗衰老 

作用机制之一 

Papers are welcome 
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