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／ eGMP介导脑室注入工．精氨酸诱导的 ＼ 
大鼠血管加压素释放效应 7／2． 

【之 牛— L 
J咝 ，鎏 堡： 。 钾 
(中国科学院上海脑研究所，上海 2111031．中国) 

关键词 =氢也塑；楚复壁地匡枣；塑墅 ； 
cGMP；亚甲蓝：鸟苷酸环化酶 

目的：探讨 cGMP是否介导 ．精氨酸(一氧化氮合 

酶底物)引起的血管加压素(AVP)释放增多效应． 

方法：用放射免疫法测定大鼠血浆 中 AVP水 平． 

结果：侧脑室分别注射 ．精氨酸和 8．溴．cGMP(一 

种可透过膜的 cGMP衍生物)能刺激血浆 AVP水平 

增加[分别从(3．2±0．5)升至(5．8±1．4)ng·L～， 

从(2．6±0．3)升至(6．6±0．4)ng·L～，P<0．01 J， 

同时注射 ￡．精氨酸和亚 甲蓝 (鸟苷酸环化酶抑制 

剂)对血浆 AVP的水平没有影响． 结论：cGMP介 

导 ．精氨酸引起的 AVP释放增加效应 ． 
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Up-regulation of LPS-induced iNOS activity in 

dibutyryl cyclic AMP-differentiated rat 8stro~ es 

SONGWei，ZI-IUXing—Zu (Department of ∞m蝴 ， 口n咖  Instiaae ofMateriaMedica 
Chinese Academy ofSciences，Shanghai 200031，C ina) 

KEY W ORDS lipopolysaceharides； nitric- 

oxide synthase；cyclic AMP；cell differentiation； 

up—regulation(Physiology)；astrocytes；in'~luno- 
histochemistry 

A皿旺： To study the effect of dBcAMP on 

bacterial endotoxin UPs_induced N0S aetivity． 

Ⅳ匝 H0l璐 ： Mieroscopie changes were 

observed． Nitrite levels were measured hv 

fluommetric assay． N0S activity was measured 

hv citfllllifle assay． RESULTS：Witllin 3—4 h 

after the addition of dBcAMP 1 mmol·L to 

culture medium，a morphological transformation 

r唧 iniscent of ／n v／w differentiation occurred． 

CoincubafionwithU)s anddBeAMP 1 mmol·LI1 

resulted in a marked increase in the nitrite 

production as commi t with U)s alone． s 

increase was concentration-and time-dependent 

with a maxlrn~l effect after 24 h treatment． 

Nitrite production stimulated byU)sis parallelto 

the degree of cell differentiation． After a 24．h 

cosfimulation with U)s and dBcAMP． ￡．eitru1． 

1ineformation assay revealed a 3．foldincrea8e in 

Al~0rmhalom u瞬d：cAMP：eydle^MP；dBeKl~ ： ．2 一0一dlbut~  

州 ic AMP；GFAP ：出 6k岫 leldie protein；LPs= 1jp叩0． 
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N0S acfivity over U)s treatment al0ne． 

Simultaneous incubation with L-NAME． 

completely inhibited the stimulation effect of 

I Is／dBcAMP on nitrite production． Cvclo- 

heximide and dactinomyein also suppressed 

enhancement of NOS activity stimulated by I S／ 

dBcAMP．bothin nitriteproduction and citD．1llln~ 

assay．indicating that the enhancement of N0S 

activItv was due to the exprefl~ion of inducible 

N06 (iNOS)gene and protein． CONCLU- 

圈．oN： Inflammatory signals can tl'~ r 
astrocytes to express substantially different levels 

0f iN0S depending on their degree of 

differentiation． 

NO，a potent and pleiotropie mediator of 

many biological functions， is synthesized from 

L．arginine by N0S． Three forrm of N0S have 

been eharacterized⋯ ． nIe constitutive endo． 

thelial and neu~nal s are calcium- 

dependent． nle tllird form ofthe enzyll~ is the 

calcium-independent inducible NOS (iNOS)， 
which is only expressed in the presence of 

bac~fiM toxim or eytokines． m s foⅡn of the 

enzyll~ produces highlevels ofNOwhichis used 

by the macmphage to kill tumor cells as well as 

invasiv e 
、

microorganisms including bacteria and 

vihit．s“ ． 1k  excessive production of N0 hv 

iN0S has also been imlalieated in the 
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p q 帅esis and tissue destruction of a growing 

number of inmmnologic and inflammatory dis． 

e8ses，including neurodegenemtive disea8e ’ J． 

Recent n v／tro studies demonstrated that 

asbo州 e8．knownto play a prominent roleinthe 

initiation and maintenance of ilmmmoinflamma- 

tory responses in the central ne~om s~tem， 

could also be induced by U)s or combinations of 

the cytokines to 岛m℃ss an iN0S which was 

similartothosein other celltypesL ． 

The incorporation of dBcAMP into the 

culture rlleditlln resulted in a pronounced 

morphological and functional differentiation which 

resembled the mature astrocytes found／n v／vo L ． 

pmdd~ a u8eful systemto study differentiation． 
correlated changes of astrocytes ／n ∞ ． nle 

present study was to examine the difference of 

I S-stlnmlated iNos activity between llndiffeI~n- 

tiated and differentiated astrocytes． 

ÎAT重墨IAI S AND  ̂E1110DS 

Materials Newborn Sprague-Dawley mts 

(1-day-old，舯de 11，Ce~ificate№ 02-49-2) 
were provided by Shnnghm Experimental A~inml 

Center， Chin~  Academy of Seiences． 

Dulbecco’s modified Eagle’8 nl~ un1． F-12 

nutrient mixture，fetal bowiDe senlln，and tissue 

culture plastics were purchasedfrom Gibco．BRL． 

． 12，3，4，5-3HJ a／~JniDe was purchased from 
Amersham． 一N 伍̂ ，cycloheximide，actino- 

mycin D，dBcA ，U)s(E Coli 055：B5)， 
Dowex-50W ， monoclonal antibodies against 

GFAP 慨 曲忉im from Sigma． The ABC 

irmnunocytochemical Kitwasfrom Sirio．American 

Biotechnology Company(Shanghai，China)． 
Aslnl四te cultures Cultures of rat cortical 

type I astrocytes were obtainedt ． nle 
resultant cell smpemion was filteied through 

Nirex mesh (40 ／an)and p~ted in a 75一cmz 

flask． Before experiment， cultures were 

pmccssed by trypsinizafion and replanted in 12． 

well 01ates at a se幽 of 5×105 cells／wel1． 

Thesetreatments yielded a h~ghly purified culture 

of asl~ ytes，consisting of >98 ％ astmcTtes． 

aft determined by immunostaining for the 

astxoe~ 一specific m~trker for a附IP． 

Morphological 0bs朗 蚯 0n anti．ⅡnmIⅡ 

cytoch即mis I anges in cell morphology 

weIe assessed by microscopic examination． nIe 

number of stellate astrocytes(rounded cell bodie~ 

and several extended processes)was quantified 

under phase-contrast microscopyL ． Some of 

the cultures were fⅨed with 4 ％ paraformal- 

dehyde．~．rmeabilized with 0．2％ TritonX-100 

and used for immunocytochemical examination． 

After overnight incubation at 4 oc with 

monoclonal antibodies to GFAP． cells were 

stained with an ABC I(it． Differentiation of 

astrocytes was quantified by cMc~ating the 

pementage of stellate cellsL 

Nitrite assay After the desired incubation 

time． media weIe assayed fbr nihite by the 

fluorometric assay which based upon the reaction 

0f nitrite with 2，3-diaminonaphthalene(DAN)to 

fo1111 the fluorescent product， 1．(H )． 
naphthotriazole． In bfief，to 500 L of samNe， 
an eⅡua1 volume of double-deionized wamr was 

added． To this， 100 乩 of freshly prepared 

DAN(0．05 g·L ill Ha 0．62 mol·L )was 
added． After a10-minincub~on at 20 qC．the 

reactionwas~rminated with 50 uL 0fNa0H 2．8 

mol·L一 ． Formation of 1一(H)．naphthotriazole 
was measured using a fluorescence spectrophoto— 

meter(65O-10 S，Hitachi，Japan)at =365 
n／n and = 450 n／n with a n setting at 

100％ ． Fresh culture lrIedia was used as the 

blank and solution of sodium nitrite was used as 

standalxt． nIe detection limit for nitrite nm ． 

surement in culture m~ unl w 0．1 mnol·L一 ． 

Citrulline assay N0S acfi、 押 waft rnea_ 

sured diteefly by production of ．1 H l citmlline 

from L一1 H 1 arginine J． In brief． cells 
culturedin 35一nⅡnPetri dishweIewashed 3till~$ 

witlI PBS． After equilibration．the cells眦  

incubated in the]~ nce of PBS 0．5 mL with 

一 【2，3，4，5- I-I]~imne monohydrochloride 74 
MBa·L at 37 qC for 30 rain． nle reaction 

was halted by addj 1 mL ofpexchloric acid0．3 

mol·L～ ． Cell scmpings were neutralized with 

250止 0f K2C03 1 mol‘L～，and centrifuged at 
1400×g for 10 rain． nIe supematant 0．5 mL 

was app~ed to a 1 mL Dowex AG 501 Ⅸ．8 

column(Na fo11／I，100—200mesh)． ．1 H J 
arginine was retained on the Dowex resin， 

whereas ．1 H J cimllline waft recovered in the 
eluate and determined by liquid scintillation． 

1 HJ Citmlline formation waft expressed as％ of 
the total radioactivityincorporatedintothe ceⅡs． 
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REs1Ⅱ 

Effect of dBcAⅣ ∞ R,~ rtic II[I~F- 
ph010gy In 5 ％ FBS-伽 ltai 【Ig medium，the 

majority of asnDcvtes remained flat and polygonal 
and possessedfew process． Wit}血 3—4 h after 

the addition of dBc：AMP 1 mmo l·L_。．a mog- 

phologieal transformation reminiscent of／n v／vo 

differontiation 0ccI【r ． n1e flat and polygonal 

astrocytes differentiatedto process．bearing stellate 

cells witIl enhanced GF̂ J) immunoreactl‘vity． 

n1e continued presence of dBcAMP w舾 needed 

for the maintenance of tIle fibrous morphology． 

After dBcAMPwa8rolTlov~d．the cells returnedto 

theirflat and polygonalmorphology(Fig1，Hate 
1)． U)s alone had no effect on the mo rphology 

orGF̂ J)exprossion． 

Effects of dlkAM and U stimulation 

on nitrite pPoducl~lll Incubation of primary 

astrocyte cultures with LPS resulted in a marked 

accumulation ofnitrite in the culture ul~ unl in a 

time-dependent malu~r． The nitrite aocluuula- 

tion sfirmdated by LPS was augmented in 
dBcAMP-differentiated astrocytes． in a d 

dependem n ⅡⅡIer． After 24．h inonbation ．the 

levds of U)s．stimulated nitrite ae*atrnulation in 

the Ⅲ e of dBcAMP were about 4-times those 

with LPSalone．(Fig 2) 

2． Nq 。 0d删 加 缸 了棚蛔re 0f鼬 ·叮 

—

hldn
—r~d (1唱 ·L )0rLIPS+皿 f1m 0I· 

L一‘)． =3eqMrk蛐 from 3吣 ． ±s． 
cp《0．01．苗 妇 ． 

coincubationwith dacfinomycin(10 rag·L )or 

cycloheximide(10 pmol·L )． RNA and 
protein synthesis were required for the induction 

of NOS activity(Tab 1)． 

Tab 1． Effoets 0f 田kÂ 棚P 蚰 L 鲥 叫 m删  恤  

Dtmaeam 缸 劬 ry瑚扫 咖  ．0m t曲 嗍  

_m哪 ba吲 with m衄脚 埋 血 h  24 h． ^=3日 盱 蛐  

from3 rms(each 3 fromⅧe ratn印ecl1 )． 
± ． P 《0．ol ~oWa~ ．tp 《0．ol LIPS alin e． 

Addition 0fagents Nitrite 

( ∞ laotein) 

Contwl 

LPS1№ ·L 

d】kA 1 mmol·LI1 

I +dB 

I．．PS+dBeAMP+L-NAME 1 mmol·L一 

Ⅱ +dBeAMP+dacIin0m dn 10 r崛 ·L 

【腭 +dBeAMP+cyddaem aide 10 mmol·L。 

3．2±0．3 

l1．7±1．3 

3 3±0．4 

42．3±5．6 

4．1±0．7 

4．0±0．6 

3．9±0．7 

Effects of棚陆A and stimulation 

oll NOS activity Unstimulated ast~ yte had a 

very low basal level ofNOS activity． Addition of 

dB to culturesfor 24 h showed noeff ect on 

theN06activity，while addition ofU)sincreased 

the N06 activity(P<0．01 contro1)． Fur- 
thermoro．coinonbation  of U)s and dB for 

24 h greatly augmented NOSactivity a8 c0nⅡ 

with those induced bY U)s alone(P<0．Ol啦 

U)s alone)． Both daclinomycin (10 rag·L ) 

and cycloheximide(10 wnol·LI1)almost ooi／1． 
pletely suppressed the increase of N06 activity 

sfirmdated by U)s plu8 dBcAMP．( 2) 
Correlation between enhana岫 niltite 

produeti~ with~duetion and dliff~ on  

Ⅲ ect of differentiation oll the inducfion of N0S 

activity by 【Ps， the chan of nitrite in the 

n1ediurnwasmeasttred a8 afimction of dB 岍 ． 

With the increase of the con centration of 

dB ． the proportion of stefla te astrocytes 

raised and maximized nearly 100 ％ at dB 口 

l mmo l·L～ ． Meanwhile．a8 the number of 

differentiated cells 1-o8~．the induced nitrite 

productionineroasedin paralld (Fig 3)． 

Simultaneous incubation witll L—NAME (1 

mmol·L一 )， an NOS inhibitor， for 24 h DISCUSSION 
completely inhibited dBcAMP／LPS-induced Efide~e has accum~ated for the 1dIlc on 

nitrite production．TheNO biosynthesisinduced ofiNOS in astrocytes ／n v／tro by inflammatory 
by LPS／dBcAMP was als0 pmvented bv agents such a8 LPS and cytokinesL ． But。what 

d ￡‘l，10目rI． z 
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Tab2． 鼬 of皿 d oBU sl|Ⅲ·I删 N0s 咖姆 

缸 衄 ry糟 删抽娜 ． Comllmnto—k唧 如珊 

with m咖 ed增  妇 for24h． =3怕 瞄如 from 3 

(∞ -Ⅲ3咄 from ratH 删 呻 )． ±s． 
<0．01 w ~omrd． rp <0．m -冒 I2'S alone． 

Addition of增 L-cimdline 

(％ t0Lal ra~oacti曲 ) 

Com ~l 

ctBcAMP 1 mind·L’ 

LPSI nag-L 

LPs+dBcA 

I +dBcAMP+ M 

+dac6nomydn 10 mE。L一 

LPs+d】kA忡  

+c ckhEdI de 10 mind-L 

2．15±0．22 

2．57±O．29 

5．28±0．46c 

23．4±4．15 

3．12±0 33 

3 26±O．39- 

0 1 ： ， 

n ￡̂ MP． mm．I·I『1 

啦 3． u§h produd~  砷m from ~I~AMP- 
dI匝蚋 山曲d鼬唧 ‘瞄． Ce丑s眦 戚 -凼删 withLPS 

1mg·L一 the pnm  d~c．AM P． The numb~ of 

捌由 q佃 under曲 山 field b 20±4。d from 20 

d|p即d叫 曲∞r’埘 m ．^= 3 曲 叮 H 出 from 3 rats． 

± ． 

inllama~tory signal to a(c ess iNOS． 

Although enhancement of iNOS activity hv 

cAMP has been shownin vascular smoo山 inuscle 

cel1． glomendac mosa~ al cells and cardiac 
myocytesLR)J

， 山e results was controversial in 

astrocytes． Burgher et showed that the 

addition of 8．bmmo．cA朋 enhanced the 

expression of iN0S activi押 induced by 

cytokinesL“J． Wllereas Pahan K et o2 found 

that forskolin，8．bromo．cAMP and(sn)．cAMP 
inhibited and cytokine．mediated production 

of NO as well as the exp ression of iNOSL ． 

However，both of them had not used dBcA朋 ． 

the only cAMP_elevafing agents with the 

differ
r

e
—

ntiation effect on primary astrocyte 

cellsL13J． Studies showed  that the e日)0s11re to 

dBcAMP led to the morphological differentiation 

0fthe primary astlocyte cells．resulting in a close 

resemblance to the mo rphology of the mature 

astlX~ytes found v／vo kl3 J． These chfl／l~  
characters include the formafion of multiple 

cellular processes， the promotion of the 

polymerization of intermediate filaments contain． 

ing GFAP． and ultrastructural characteristic 

cbe~ s of astrocyles found ／n v／vo． Besides， 

dBcAMP also indueed specif'm biochemical 

events}
， 

，a significant increase in duta1T e 
uptakeL J，carbonic anhydrase，and Na ，K ． 

ATPase。all of which weIe also 山e character of 

the mature sstrocytesL ． Taken together．the 

dBeAMP differentiated astmcytes may be a gooa 

model for stu~ng the biological events ofmature 
sstrocytes／n v／vo． Our results provided thefirst 

evidence for the up．regulation of iNOS activity 
stimulated by U)s in dBcAMP．differentiated rat 

cortical asm啪 ． 

NO is emerging as animportant regulator of 

a variety of physiologic processes； however， 

under conditions of excessive formation，NO is 

emerging ss an important mediator of 

netwotoxicity in a variety of disorders of the 

nelwOll~system ． As astrocytes is the predo． 

minant cell in CNS． the iNOS system in 

sstrocyms may be  the most potential reseawoir of 

NO in the CNs． Uncovering and understanding 

the re datjon ofiNOS in sstrocyte wiII hopefitUy 

lead to a be tter un demmacling of basic 

pathological process in such conditions as 
inflammatory dis0rde of the CNS and the 

development of selective therapeutic agents． 

_ ， —t—TI． || 
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dBeAMP诱导的细胞分化上调太鼠星状胶质细胞 

内脂多糖诱导的一氰化氮合酶活力 屉9 7z t 

业 ， 蒋  
(中国科学院上海药物研究所药理室．上海 2ooo31，中国) 

A P 

关键词 堕墨蕉类；=氢 煎鱼睦；环一磷酸腺 
苷；细胞分化 ；上调(生理学)；星状胶质细胞；免 

疫组织化学 

目的：研究 dBcAMP诱导分化成熟后的星状胶质细 

胞内脂多糖诱导型一氧化氮合酶活力 的诱导表达 

情况 ． 方法：采用荧光分光光度法和胍胺酸生成 

实验考察星状胶 质细胞 内一氧化 氮合酶的活力 ， 

并通过免疫细胞化学和光学显微镜考察细胞的分 

化情况 ． 结果：经 dBcAMP诱导后 ，星状胶质细 

胞分化成星型细胞 ，GFAP表达增强 ． dBc 显 

著增强 LPs诱 导产 生 的亚硝 酸盐 水平 的提 高； 

dBcAMP，u】s共同诱导 24 h后 ，使 NOS活力比 LPS 

单独诱导提高 4倍 ． ．NAME，环己亚胺或放线菌 

素 D都可分别抑制 dBc&MP／LPS的共同诱导作用 ． 

结论 ：dBcAMP可 以上调 LPS对 星状胶质细胞 内 

iNOS的诱导作用 ． 
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