
BIBLID：ISSN 0~ -9756 ActanL帅瑚∞l。 ca Sinica 中国茴理学报 1998 J锄；19(1)：3—6 

lmmlm0mod1llaang effects of metldonine el~ ephRlln 

LIⅪao．yuI(ShanghaiInstitute ofMateria Medica，ChineseAcademy ofSciences，Shanghoi200031，China) 

； m~llio- 

Di∞ ∞h社 in；mlox~e；~gioid rece邮 ；inter- 
l虹璐； l ysa(dl耐 des；n】眦 ~emfis factor,； 

messengerRNA；genea Iessi0玎 

AB 呷 CT M甜1j0帕ine翩h吐 in (Met-F~k)， 

即dc 瑾：I】l ， is suggested to be 

w ved jn the 砖窑Illam0Iy l∞ p between 妯m me and 

naⅡ0翻 k 五Ile g 建朗m ． Our studil~ showed that 

Met-F_~ ovilr awide raⅡgc of c0n m删 咄 jna as耐  

interlet~ -I(IL-1)口∞血lc 0n丘讲nⅡ-0use peritoneal 

掰0pI1a ind∞。d by lipopolysacl血 b (LPs) 
and mloxone did n0七block the alb剐x ng effect． 

Met-F_~  D∞ bed Ihe proli】 曙d册  of 叫 IJ辩 

sple~ 3,te and the DIcducd0n of IL-2 and II_,-6 in a 

dc噼-d印 Id即t m锄 er． The up．regI血缸ing elf醯ts of 

IL-2 and II_,-6 not 0nly 孤l掣nenIed their mRNA 

血卸睡 五D but als0 inel~tsed their stability． ThIls 

hIet 珥rpt：afs 幻 be m 叩a[恤lⅡt ililllllllloll~  

血I矗tofy aIingmolecule幻 既enIe llatoIy actions 

c0D0∞ ed with Ihe expressing of pre-~  

句 Idllcs． 

The矗 mⅢ system connected by mr r(̂雎 s扛uc啦 I and 

functional Ⅸ with Ilerv0 and er．【l0 systems， 

0m 咖 a multis~stem with eon~ gerr．e and h啊ncc c 

0 cs J The _町蚰u越 mieme~ unifies cdhll2ff 

and ex啦蚶 ar elements from 1yI畔I1c耳 }le1 ，眦 0 ，and 

由 cdJ．e∞IⅡ。es，re a 0f integrative and s~ 4．1ic／ 

I．【舶sp0ci丘c acdvi晒 ，and o、神  a s for-m scipI．mary 

and md~ihecdonal rese~ hⅧ1d 【aIdng． 

O0i~d pep叫es， the er岫 er mNecules th砒 imitate 

出 m ac0I c effects of widely distributed in 

central nerv0us system and affect缸 array of biolo画cal 

艋 咖  2_ 刚 r唧 I1al 
， melNenme∞ 舡 i玎(Met-~ ) 

-n c ar，we佗 suggeste~ito be aniⅡlp咖 tinodll~torinthe 

a y 10叩 ~ -,veen inmm and neumen~erine systems 

Tre 伽 oI l1g e 端由瑾删【a1 results studied in my 1曲。I 曲ry 

K thein } aTld vivo activities 0fMet-E~ 0i1h栅 l 

and cellular inⅫm  activities， 0Il cymld~s o ∞ and 

exNesslc~．in rwnI1al and iⅡmlⅦ id瞰l cor~iifiovs 

B 2l—6船 1．1黜 ．ext 317 F姐 8 21—6 7 2∞ 

R ved 19974)74)3 A∞∞Ⅻ lg~7-10-21 

E b of1Nlet-Ea~ 帆 b加 hDc pl=n 删 帆 

There are删 binding sites ∞ many ilm  active 
cellsL orI恤  s ofl11isidea，wei ed effectof 

a sp c叩 d柏嘲} 砒I1al0xone∞ e in叫̂lI嘲 山越  
actions ofMet-EN~ 

Met-F．~ 0 1—100 mn01一L。 hIa bocIl(1堋 A_and 

P iIld【删 splen~5,te 缸  伽  ． Yet，Met-F．~ alone 

had nO effect 0Il ng lyr呷h0cy乞e 0lii d椰 Nalc0~one， 

whichw船 ge~ tally c瞳商 删 1IS 0p receptor缸吼 ， 

also即l nph叼 犯 pr 白 ∞． 
1h砒 Met-F．~ and mloxo~e had neither ack~tlve 耐  

∞啡 e雠 0Il Con A-induc~ 呷 pmllfe~ion 

to恤 obser d】at 0I．e as an神 ac~ed 

∞ eIld0IpI】in and Met-E~ in i 曲g r-lym~~  

ch目T s嘶 f-．~d ／n 峋 smdi髓 gave s m results． 

Met-Fa~ (0．1∞g·kg -d to C57BL 妇 4 d) 
m,~ lly increased Con A-ir 10ed spl已帅 忙 blas幻 es 

tesll~i by[0H]1 in∞rp邮ld棚 and 他ver∞d the if啪 Im 
sLlppfessivc acti~ caused by c 0sp耐n By using of 

n明 肛蚰衄 and TⅨ  ̂ ln lof bodics， w鼯 {训  

d】at Met-F．~ markedly elevated ratio of Th／1 of 

splelmc 嚣，but n啦in~almmcytes 

0n 岫 ，Met-F．~ 0 1— 100 m ·L。 inhibited 

1鹪 dLIced 】y巾曲叼犯 刚 ifeI蚵伽 in诹 e丘 t 
w舾 c~rpletely blocked by naloxo~e 50 rⅡr10l·L～ ． NaI ∞ e 

pets had n0 effect 0Il【Ps·ir ed 1yInp}10 blasto- 

genesis 

Mufine n0I卜a x佗m st,len~ytes Ⅱe删 with Met-F．~  

exhibited amalkedincreasein na~ur01 killer cell(NK)activity． 

Met-F．~ O．ol一 10 gmol·L。。血r 卸 】em。d 恤 NK 

y in vf ． The chaI督 were c嘎] tll锄 

inc 目．sed 0 x棚 扛a ofMet~Enk． 

Acc diⅡ罟 to our s嘣 嚣  aTld a【}盯 re 招【 
，
the 

柚  蝴 of砰 i枷 pe Or1-nmI咖 fLl 6ons were p0 

血 曲 different sites 0Il diffe~em inlm  。0叫 t cells and 
final olltc~llle of'nlIDⅢ¨Ⅱc 山 ∞ by d desis by 

tickbindmgto and reeel~ars(d0w】 gI] )and／0rto 8 

and E reeel~rs( regIJl撕∞ )C10~ The conllicting results 

批I-0 ginvestigators IDi be due to the ditte~ent imInIm s咀n巧 

of~llilllalS and diffe~nt methods u刚 ． Our vh results 

indicated d】atthe e曲 柚∞ 删 of T． 叩 h0q肥 pr0Ii向  ∞ by 

Met-F．~ w越 血堪喀er in L1cI咄p0dI卜ir 10ed iⅡHI砌帕sII ssed 

m in Ilc raice sI] B that 

jII舢 【丌I．口d山向噜 effect of opioids is related to the i舢 Im 

$t~llS ofthellllill~ S． 
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Endogeneous peptide．s．such as Met-Enk influence humoml 

Jllmlune reNtlo~v,es ／n vitro and ／n vivol - ] Ow：stlldles 

demonslrated I11at Met-Eak inhibited LPS-stimulated 

B-lymphocyte proliferadon ． It was suggested that the 

inbibitol3,effect of Met-Enk was mediated ~lrough opioid 

receptors [】兀 B-cells， because the suppressive effb of the 

peptide w completely blocked by naloxone After incubation 

with botl~ Ie．∞ s and SRBC．Met-Enk ira~ibited markedly 

plaquefornung cells(PFc)fom-,adon in vitro． In v(vo studiles 

also showed tllat Met-Enk(0．1 nag’kg ’d ip to SRBC- 

serLsitized C57BL mice)slI s目 rr~kedly splenocyte PFC ． 

The 3F3 hybridoma tlml~l~cells cultured with Met-Enk 

in multiple replicate 24-well plares． The ~unotml of a 一hunm  

gir thhorrno~ (hGH)in culture supematants was y耐 by 

ELISA Met-Enk(10 finol’L～ 一l tzmol·L )showed no 

significant effects on the synthesis or secretion of hGH． 

Moreo'~er，the geneⅡ Ⅸ DI1s of both amlbody Ii chain 

and heavy chain H not c~rlgedbyMet-Enk at awide range of 

COll~ntrafions(1 pmol·L_。一l,umol·L一 )【 Met-Enk 

increasedthe capacity ofmotk~spleen cellsto produce hemolyric 

antibody to sheep e~ rocytes and inhibited anfi-~tanus toxoid 

antib~ synthesis by htwnan lyn H 【 MetoEnk at 

lower doses en1mnc antibody production and at 曲 doses 

inhibited it These acticns we seen when cells we 

stimulated orinduced by antigens． Inthe absence ofmitogen or 

antigen— Met-Enk did nd change ilnmtll~ fllrl~ ons in 

nonin,anunized animals Our results also indicated tllat Met-Enk 

y regulated the andb0 Dd【lc 0Il wlaile B-cells w∽  

stimulated 血 amigens or mitogens． but llOt resting 

B-cells㈨  

lnterletddn·1 cI 1 J In view ofthe fact that IL-1 plays 

arl l埘驴 锄 l mle in immllJ~ responses and t~a-vou,s activities． 

such asincreasing IL-2 production andinducing slow-wave-sleep 

(SWSj，itwas veryinterestingtoinvestigatethe effect ofMet- 

Enk ∞ IllOno~ es 1atiI】g from mⅪ  ．1ages Met-Enk 

1一lO0 tmaol’L一 inhibited phagocyto~is of peritoneal ma~o~ 

ptmges andincreasedthis 哪 at“昏H collcentra~ionsL⋯ ． 

LPSis a v,,elFknowrtIL-I triggenng agent． When Met 

Enk(1 pmol·L_。一1 ·L。。)was added to LPS．stimulated 

pentone~ macm I 静 CllllU~$ for 24 h， IL-1 pl13d~ on， 

evaluated by thymocyte pl'olifelr~Ol1．was erIhan∞ J
． Met． 

Enk had ilo effect on IL-1 口fcdI1(虹0Il丘诅n ilOlrl·sdmulated 

m 4t~eal m m 1ages 

Toiae．tify wlaelherthe observed enhancement ofIL--1 by 

Met Enkwas duetothe ancrease of synthesis or release ofIL-1． 

afle~the sllperlla~llt (exttacellul,~ IL-1) of the incuba~l 

pentor~ macrophages was collected． the remaining adherent 

cellswe frozen and thawed 3 lJiiles and theintracellularIL-1 

le,~elsw deterrained． 1~orll exwd-andintra-cellul~"Ⅱ，1w∽  

irK eased proportionally by this pentapep~de Naloxorle 50 

nmol·L。。per had no effect oi1Ⅱ，l~ ductiOl1．nor blocked 

the enhancing effect ofMet-Enk，suggestingtllatthe eIlllmlcing 

effect was not mediated via classical opi,~d receptors In 

ad~lior1．iii the abSe／lce of mitogen．Met-Ealk alone did rld 

slJlllulateⅡ，1 pl13d~ Olrl 15 J
．  s indicated tllat v activated 

macrc mges expressedfimctional receptorsforMet-Enk 

SnJ~lieswe rnadein mice treated daily with ip Met-Enk 

0．1 or0．6 nag·k2。。妇 2 d ExtracenularⅡ，1 w越 markedly 

elevated peritoneal macrophages induced by LPS 5 

nag·L_。 Some slressc~s． such as treating am 3als with 

LpSl⋯
． 

uries of maii311~ Kll h ‘ - induced Ⅱ，l like 

factors fl她 n gila cells iirl neural tJs~aes No distinctic~ was 

apparent when ~ mparing macro~hages derived Ⅱ，1 with Ⅱ 

Ⅱ，l likemediator伍oduc。d 0m aslrocytes ． These~ctivities 

mediated bv IL，l are beneficial to the defense Ⅱ dhaIIiqTB 

against microbial irtvadei~and Feoair b n i．jufies In 

view ofthef cthatthele~rel。f oidW4~tides K B inthe 

I：raindtm g sllress．the observation tllatIVlct-Enk enllancedⅡ，1 

productionfl她 n LPS treated macrophages both in v~tto arid in 

vivo suggested tllat Met-Enk mighl con'a'ilmte to both 

immu re and immunopathologlcal 叩0r s in the 

brffm ． 

1nterleuklat-2 It is lmown that in vitro lymphoc'f,e 

ⅡDIi rad0n andNX eell activity are reg~Jated byIL-2 anditIl 

a synergetic effect oi1 murme NX 训 s withinterferon ( )． 

Thus，exaII】jf 培 whether Met-Enk increases IL-2 production 

may be bdp柚 in elucidating the mechanism of Met-Enk oi1 host 

defense and cy~ orJc activity． Besides．Ⅱ，2was alsof~ ,KIto 

prolllote 0li proliferation and differentiati∞ L 
．  

IL-2 activity was determined by the ability of H use 

splenocyte producing cyt~6ne in supemat~ts to p。rI the 

growth of Ⅱ，2 出∞ IldeIlt cell line Cn工 2． Met~Enk 

(1O—ll?O0 nmol·L_。．when cultla-ed with splenoeytes in the 

pIese ofCon A fbr孔 I1)，enllancedIL-2~ ductiOll丘鲫l 

Ⅱ use spleen cells in a c0I d ∞  deoe,~ ,lt manner
． The 

en]'lall~lllelltofIL-2口rcduc ∞ requires the Wese~ce ofCon A 

(0．5 Ilg’L )． 7BLmiceipwithMet-Enk0．ol，O l，and 

l llg’kg 妇 5 d，boda splenocyte tzvansfom~ on and IL-2 
口∞dudi0n were inc陀ase 21 J

．  

Met-Enk 0．1，10，and lO00 nmO卜 L— enllanced Con A 

induced 旺aIlscd 0n of Ⅱ，2 mRNA and these effects we 

sJril~ tothe effects ofMet．Enk onthe p110dlllction ofIL．2I~J
．  

ConA-induced nalrme spler~ fles we treated with or without 

Met-Enk 妇 l8 11．dactinomycin was~dded to irdlibit further 

RNA syn山e s，exceptin tl：e control，then RNA was extracted 

l h later． RNA blots hy~idizedwith7．a~p labeledprobe
．  

Met-Enk lO一1000 rm 卜L一 remarkably iimeased the stability 

0fⅡ，2tuRNA． 

These sttl~es demc~ a-ated the augraenting effects of 

Met-Enk on IL-2 pl13dliction and exl~ ssion The action that 
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Met—Enk 1|Ia删 the IL-2 prodilcfiotl fr,ml m删jne sOenocytes 

involved the w~ scdixiom t and p0g s onaI mechani,,~ s 

because it血K 鞠卵d bOm the acctmmlation and stability of IL-2 

mRNA． 111is may be achieved either by inhibiting the synthesis 

ofRNAase．inacdvating ~emfic RNA binding proteins of 

reducing the reitea'ated number of ￡Zr[ instability sequences 

in the IL-2 mRNA[m· 
． 

WheaMet-Elzk 10 mnol·L一‘ an effective c0c-。巴n叻 6蚰  

forⅡ，2 u 0Il，wasincubatedwithlymphccytesfrom mouse 

thymus，sOeen，and gut-associated lymph node，in the presertce 

of A for 48 h．tt did ∞ t show any effect o[tⅡ，2 recetxor 

expression． the ％ 0f Ⅱ，2R posidve cells remained 

um hanged ~ It soe~ctsthatⅡ，2 Ⅲ0 血 prodtlcfiOll and Ⅱ 2 

genetramcriviioN far rr●0 sensitivetothemodulato~ effects 

of Met．Enkthanthat ofiIs receptor expression． 

Im erleukinql p】c0d删 ∞ and gene expression IL,q5 

is a pluripceem cymkine that DIn B-cell to produo# 

antibody， m a ∞gro,~ of hybridomas and p1asIT1日cyc。Ⅱlas as 

well EtBthe gro,~ and diffe*eafiation ofT-cells Its speCla'Ltm of 

activityincludesthe hematologic and neurok,gicfields． Ⅱ，6 is 

similar, in stnmlure and function，to a family of neuro~ eitic 

∞|虻 Calmble of modulating the exlx~ssion of a[1lall~ r of 

nem mltter~nthetic eBtz3qll~ and neuroee0tlae hooIlone$in 

oost-mitoticIlellfO／L~"25．26 J 

effects of M et-Enk Oll the production and gene 

ex 0Il ofⅡ，6fltml r,~aw ha#es and L929 cells vitro and 

nK se splenocytes vivo were exalliJlle~ ．n my laboramey， to 

obtain a better understanding of i信 nemonmnunomedulathag 

processes． Our硝 ulB dealomwaedthatIL-6 productionfrom 

110urine ped 'e madD—1a s was enhanced after trealll~-'．nt with 

Met-Enk(0 001—10 itlnol·L一 ，20-h inctlbotiOl1) LPs，a 

啪 】【in~ cer of IL-6 exlre~sion，ellhai~ed Met-Enk stimulation 

of IL-6 symhe~is and secretion from ra~axMaages IL-6 

prOdllCfion from L9"29 ceils WBS,also mankedly stimulated by 

Met-Enk IL45 gene expressioninL929 ceilswas elevatedwith 

Met-Enk 0．1— 1000 nmol-L。 aRer 2-h and 6-h incu1 加 

Ho v叮， IL-6 mRN"A did not jnc|ease furthex at IliEher 

concentrations of Met-Enkt 
．  

Serum Ⅱ，6levelsin rn∞ seipMet-E~ (0 l oF1 nag’ 

×6 d) mâ0e棚v Ili曲盯 thanthat of control—salinelreated 

mice，and x~e*e comparable tothat after 2-hli-eatr~ nt with ip 

LPS 5 mg’ ～ increase in Ⅱ，6 mRNA caused by 

Met-Enk was comistent with air in~％e．ased stabilization of IL-6 

I／1RNA 1] restll信 after IL-6 mRNA hybri~ mtion and 

autoradiation showed thatM et-Enk at 0．n1 and l ·L did 

increasethe stability ofⅡ，6mRNA【 

involvement of Me~-Enk in Ⅱ，6 ixoducfion may be of 

#ysiolo#c relevance in sⅡess and infl~ ~pollses and 
may play a r0 in the ccamnunicafion between neuroendocdne 

and immm~ systems． 1~ysiologic sotwoe of the opic~ds 

may be the cells of the immune system ~ ／o1"ndⅡDerId0 r 

giI1 。 ButⅡ，6 ca【I be generated not only by ceils ofthe 

Imm【ll10c∞=Ipe n cells but also by astmcyte~ and fibroblast 

cells~ 
． Therefore．Met．Enk may be one of the rnessen~  

mediating the mary oF seoo,xla~
．

responses when body is 

stimulated by antigens 

T、珊 r necrosis factor(TNF】 The action of Met—Enk 

0r-TNF was 0 ned ∞ rm~ phages sdmuJ删 with oT 

without LPs． e~ ment Oll 11 a levets found a【 

the hlgh~st coe~ ntration (5 ftmol’L。。) of Met—Enk． 

Heomver，this peptide had no effect Oll LPS-ieduced TNF-ct 

production． Itwas veryinterestingthat w'the l0wer dese 

{0 l nag’ x6 d)ofMet-Enk p~entiatedthe synthesis and 

secretion of肝 Ⅱ，butthe h啦 r one【1 mg x6 d)did 

r“ bring about si~aificam change ． 

11 0 is a facto* of 瑚㈣ 【anti—neoplastic acdvity in 

vivo That the m low d0se of Met—Enk mcreased the 

production of TNF-a suggested that vivo dfis opioia pe de 

would contribute to host unmune qlrveïarIce As Iligher d0 

of 博̂ E d．d r●0t exert any jⅡn ∞ 加  Ⅱ vivo．it 

IT1 be due to air involvement of othe*secondary ~ nger 

systems which abolished its initial effect Oll"rNF-c~production 

indirectly~ 

Opioid i~ tides，fomaerly thought of m Iy as signal 

nlolecu1es cooftlled to the tle／~OLl$ system．are BOW known to 

d multiple mles in the coordination intemal 

immunomgulator~ proce&ses Met-Enk iedm~d Ⅱ，1． IL2 

production and gene expression as weU as IL-6 l atj0n via 

incfease in 怔m 商 嘶 on 城 and of 让v se 

interleukins’mRNA Thus． Met．Enk affects n】璐【 immune 

cmnPe旧1t cells and cy蛔kir s 

cytokines In conclusion， 

especially Ⅱle pm-inflaramator／ 

M et—Enk an m IIt 

immunomodulatory aling molecule and exerts 1pc栅 l 

regulatory m s c~ n-ed wRh the expressing pre— 

i~ ory cymkmes． In this regard it,x'o．dd be a cri~cat 

sigm a in initiating inflammatory cascades 
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7 f’ 一6 
甲硫氨酸脑啡肽的免疫调节作用 

李晓玉 R7 7J· 
再 院上海药物研究所，上海200031，中国) 

关键词 控墅鱼塞塑苎 !堕塑鐾堕旦哒 ；塑堕 
里；阿片受体；皇塑堕 垂；脂多糖；肿瘤坏死 
因子；信使RNA；兰 

摘要 甲硫氨酸脑啡肤(Mct=Enk)在神经．免疫．内 

分泌调节网络中的作用引起广泛关注 ． 作者等实 

验证明它能使 LPS刺激的小鼠腹腔巨噬细胞产生 

Ⅱ l，纳洛酮不能阻止这种作用 ．Met-F_．t~促进小 

鼠脾淋巴细胞增殖和 m．2、IL-6的产生，这种上 

调作用与增强此二种白细胞介素 mRNA转 录并提 

高其稳定性有关 ． 因此 Met．F_／lk在增强前炎性细 

胞因子表达方面是一个重要的免疫调节信号分子． 
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