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ABSrRACT 

A ： r0 study山e effect of melatomn on the 

production of hydroxyl radical(·on)and lactate 

dehydrogenase (U)H ) following hypoxia in 

cortical slice， MEIⅡ0DS：Cortical slice was 

mcubated wi山 耐 cial cembmspinal fluid 

(ACSF)in tube． Hypoxia was achieved by 

substituting 91．6％ N2 and 8．4％ O2． The 

salicylate trapping method was used to measure 

hydroxyl radicals generated． The content of 

LDH in nmxJittm after h)voxia was measured by 

International Fedemtion of Cfinic Chemistry 

(IFCC)rm山0d． REsI】1 [s：田le contents of 

dihydroxybenzoic acid (DHBA)were incmased 

significantly during hypoxia and rcoxygenation in 

cortical slice． n preduction of DHBA in 

rcoxygenation was decreased concentration- 

dependentIv by melatonin．but not during hypoxia 

30 min． 11le release ofLDH during hypoxiawas 

steadily elevated and melatonin decreased 山e 

content of LDH after hypoxia． CoNCLU． 

Sl0N： Melatonin decreased 山e injmy and 

production of·0H after hypoxia． 
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l I。R0DUC rJ【oN 

The hormone melatonin． N—aeetyl-5一meth— 

oxytryptamine synthesized by the pineal g~and 

participates in many important physiological 

functions including the control of seasonal 

reproduction aswellas influences ontheimmune 

systenl and circadian rh、r1]hn1sL ，2。
．  

It was a 

potent scavenger of free radicals and anti— 

oxidantl ， 
． Melatonin protected cells，tissues， 

and organs against oxidative damage induced by a 

variety
．

of free radical generating agents and 

Drocesses
【5，6,73

．  

In neural danmge．free radicals also play an 

important role，among which hydroxyl m~cal is 

ver critical due to its trigh toxiciw and 

reactivity． In the present study．we investigated 

the effect of melatonin on the p duc6f)n of 

hydroxyl m~cal during hypoxia and reoxygenation 

in rat cortical slice． Because lactate dehydro— 

genase(LDH)was released after hypoxia and 

was comidemd as an indicator of iury，we山en 

measured the change of LDH content during 

hypoxia after treatment with or without melatonin． 

M_AT1口UAI AND ME1H0DS 

Chemicals Sodium salicvlate， 2，3 di— 

hydroxybenzoic acid， 2，5一dihydroxybenzoic 

acid，(1 s) d一1O camphorsalfonic acid of AR 

grade weYe purchased from Sigma． Melatonin， 

AR grade，was kindly gifted by Prof XIA Qi— 

Geng(Shanghai Chenfical Reagent Factory)． 

HPLC—grade me thanol was purchased from BDH 

Laboratory (UK)． Cytotoxicity Detection Kit 

was purchased from Diasys Co(Germany)． 
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Preparation of cortical slice Sprague- 

Dawley male rats(GradeⅡ，Certilicate No O2- 

22-2)，weighting l8O一220 g，were purcha~d 

from Experimental Animal Center of Shanghai 

Medical University Rats were decapitailed． 

rn brains were placed in cold oxygen．saturated 

artificia1 cerebrospinal fluid(ACSF)consistivg of 

NaC1 l18，KC1 4．8，KH2P04 1．2，ngS04 1．2， 

CaC12 1．3，NaHCO3 25，glucose 10，and sodium 

edetie acid 0．03 mmoI．L-。． rnIe cortex was 

dissected into 2 m／Tl×2 nⅡIl pieces using a razor 

blade． Cortical slices were trflllSfefred to ACSF 

at 37 th 95％ +5％ C ． 

Detection of‘伽 by salicylate trapping 
method Cortical slices of similar weights were 

inCUbaled wi山 ACSF 3 mL containing sodium 

salicylate 4 mmol·L一。under norlTloxic conditions 

(95％ 02+5％ C02)at 37 ． Mter 30．min 

incubation，hypoxia was achieved by stfi-gstituting 

91．6％ N2 and 8．4％ 02． At山e moment of 

hv1 a，vehicle or me latonin was added ． At 30 

nan after hypoxia． it returned to normo~dc 

coodilion wiIh 95％ 02 and 5％ C for 15 

nan． rnle cortical slices were divided into five 

groups：treated with vehicle．me latonin 0．01， 

0．1，0．5，and 1 mmol‘L～ ． Samples，1130／LL 

of snpematant，were c~llected at normoxic 30 

nan(contro1)，hypoxia 30 nan，and reoxygena- 

tion 15 nan． After adding HCl 1“m。J·L-。．2O 

ⅡL．samples were centrifuged at 17 530 g f0r 

lO nan．stored at 4 oC．and measul~ within 

24 h． I)HBA contents of supematant were 

detected bv the salicylate trapping method ． 

Each sample was injected th 20ⅡL into the 

HH analytical cohinn． e mobile phase 

consisted of edetic acid 0．4 mmol·L-。． 

NaH2PO4 0．2 mel‘L～，C2l0-7(1 s)-d-10 

cam phorsulfonic acid 0．7 rmnol·L ．and 5％ 

me山ano1． The pH was adiusted to 3．2． rnIe 
flow rate was 0．6 mL·min-。． rn compounds 

were detected with the electrode set at+0．7 V 

against an Ag／agCl reference electrode． rnIe 

data were analyzed by Chromatograph Program． 

Finally， the protein content of each tube was 

measured by Comassie blHe method． 

MeasIl m咖 t ofIJm duringhypoxia In 

a second set of experiment．the release of LDH 

was measured without sodium salicvlate becaus~it 

had a protective effect． Shces wel"~incubated 

山 ACsF at 37 under 95％ +5％ C02． 

ACSF wasadded accordingtothe weight(100mg 

：4 mL ACSF)． Melatonin(3 mmol·L )or 

vehicle was added at the start． After 5．rain 

interval， hypoxia was indnced by s~tehing to 

91．6％ N2+8．4 ％ O2 for l h． Smr~les 

collected at normoxJc 5 min，hyp0 a 10，20 ，30， 

and 60 min． After centrifuged at 805×g 2 

min，supenmlant 1130 HL was collected ． rnle 

content of山 H in the supematmat was measured 

by C~,otmdcity Detection Kit(recommended bv 

International Federation of Clinic Chemism~)at 30 

min after hypoxia． 

Statistical analysis Difierences between 

groups were analyzed by t-test and ANOVA． 

RESIⅡ IS 

Hydroxyl radieal level was elevated during 

hypoxia and reoxygenation in cortical slice． nIe 

concentrations of 2．3．DHBA and 2．5．DHBA 

were higher in the group of 30 nan after hypoxia 

and 15 min after reoxyenation than that in 山e 

group of normoxic 30 min(Fig 1)． 

n production of DHBA in the group of 

reoxy~etaation 15 nan was decreased concentra． 

tion-dependenfly by me latonin．but not in the 

group of hypoxia 30 nan． To the elevation of 

2，3-DHBA after reoxygenation (in comparison 

th normoxJc contro1)．the inhibitory rates of 

melatonin 0．Ol，O．1，O．5．and l mmol·L 

were 9．78％ ， 27．02％ ， 42．54％ ． and 

5O．3O％ ．respectively． Melatonin also con． 

centration．dependently inhibited山e formation of 

2．5一DHBA from 0．O1 t0 1 mmol·L in final 

concentration( I ab 1)． 
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Standard A B C D E F 

Vehicle M~latonin 

Fig 1． HPLC of 2。5-DHBA and 2，3-DHBA 

contents after hypo~da 30 min and reoxygenafion 

15 min in rat cortical slice witill or without 

melatonin 1 mmol·L～ ． A。D：Control； 

B，E：HypoxJa；C。F：Rcoxygenation． 

Tab 1． Effects of mdatonin on the productlon of 

2—5-DHBA and 2，3-DHBA [Pg。g (protein】] 
during hypoxia-reoxygenatlon in rat cortical slices． 

x士 ． >0．05．bp <0．05 contro1
． 

dp>0．O5． P<0．05 hypoxla． 

P>0．O5． <0．O5 vehide． 

The release of LDH during hypoxia was 

steadily elevated after hypexia witlain 1 h． 

atment of melatonin decreased the content of 

LDH at 20， 30， and 60 min aftcr h)qpoxia 

(Hg 2)． 

Melatonin decreased tl1e release of LDH af 

O 10 20 30 60 

Hypox a／m n 

Fig 2． Thne-dependent inin'bifion ofmdatonin 

(MT)3mmol‘L一 onthe relea~ofLDH during 

hypoxJain ratcortical slices． n=9． x± ． 

>0．05 vs vehicle． be<0
．05 vehide． 

30 mill after hypoxia in a concentration-dependent 

m (T出2)． 

Tab 2． Inhibition of melatonin on LDH release 

following hypoxJain ratcortical slice． =9． 

士 ． ’P>O．05．be <O
．05坩 vehicle． 

Melato16n／mmol‘L LDH／IU‘g‘(protein) 

0 

0．5 

1．5 

3 

4 5 

21±5 

18± 。 

16±4 

14±5“ 

13±5 

D碍CUs!；IoN 

Hydroxyl radical is the most toxical radical 

and plays a critical mle in many pathological 

processes~9,10j
． As we mentioned be ． 

me]atonin has been found to be a potent free 

radical scavenger including ‘OH． In the present 

experiment，we found that melatonin concentra— 

tion-dependently decreased tl1c production of 

hydroxyl radical after hypoxia-reoxyget~ation in rat 

cortical slice． It suggests that melatonin has a 

dimet effect of scavenging ·OH．which fm'ther 

confirmed our previous／n v／vo study⋯ J
．  

Fm'themaom，We would investigate whetl1er 

帅 帅 m 0 

一暑 2‘I一一． ．『1皇盅口_I 
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melatonin has a neuroproteetive effect on this 

II10del_ LDH can be used as an indicator of 5 

injmy． In the experiment． we obser ed the 
changes of LDH with or without treatment of 

melatonin． As shown in the results．melatorfin 

significantly decreased the content of JJI】H after 6 

hypoxia，showing the evidence that melatonin can 

decreasetheinjuryinduced by hypoxia． ／n vivo 
study，we also found that meLatonin coneentm- 

tion—dependently decreased the nem-onal da1mg 

in rat brain following ischemia—reperfusion【 
．  

7 

Melatonin has antioxidative ability especially 

with hydroxyl radical sc “ge activity and cell 

protection in lung，liver，and brain㈨  ’ 
．
In 。 

the present study．melatonin decreased both nf 

the production of·0H and the release of LDH 

after h
．

vl~xia in the cortical slice． Putting 

together，it suggests that one of the neuropmtec一 9 

tire nlechauisn~ of melatonin may be related to 

its ab ility of quenching ‘0H． Besides．we have 

als0 fount1 that melatonin can inhibit neumnal l0 

apoptosis induced bv cerebral isehemia thi~ugh 
upregulation of bcl一2， an apoptotic inhibitory 

gene ． Furthe~om， whether melatonin’s 1 1 

protective effect is related to other mechanisms 

needs further investigations． 
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褪黑激素对大鼠大脑皮层脑片在缺氧后羟自由基 

及乳酸脱氢酶生成的影响 R?77、『 
＼ ‘ J ‘ 
v 

奎 圭置，顾 靖，造垄主!，孙凤艳 (上海医科 
大学医学神经生物学国家重点实验室 神经生物学 

教研室， 中山医院检验科 上海200032，中国) 

置匍 
关键词 褪黑激素；细胞低氧；乳酸脱氢酶；羟自 

由基；大脑皮质 

过水杨酸捕获法来观察缺氧再给氧中羟自由基含 

量的变化．脑片通以 91．6％N2+8．4％ o’造成 

缺氧．LDH用细胞毒检测盒测定． 结果：DHBA 

水平在缺氧及再给氧后显著升高；缺氧时给予褪 

黑激素可以浓度依赖性地降低再给氧 15 rain时 

DHBA的含量，但对缺氧30 rain时DHBA的含量没 

有显著作用． LDH的含量在缺氧后l h内持续升 

高；褪黑激素可以显著降低缺氧后 LDH的释放， 

结论：褪黑激素降低大鼠缺氧后的损伤以及羟自 

目的：研究褪黑激素对大鼠大脑皮层脑片在缺氧 由基的产生 

后羟自由基及乳酸脱氢酶生成的影响． 方法：通 
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