
BIBLID：ISSN 3—9756 Aaa Pt ： gi s 曲 中田药理荦掇 1998 seP；19(5)：467—470 

Inhibitory effects of~nkgolides on nitric oxide production 
in neonatal rat microglia ／n v／to 

DU Ze—Vmg，U Xiao—Yu (~vL)attment of Pharmacology，Shanghai Institute of Materia Medica， 
ChincseAcademy ofScienc~。 200031，C ina) 

KEY W ORDS ginkgoh& s；phtelet—activating 

factor； nitroargininc ； nitric oxide； microglia； 

lipopelysaccharides；cultured cells；apafant 

删 ：To studythe effects of ginkgolideA(GA) 
and B(GB)，apaf=t(Apa)，and N∞一nitro-L— 
argini12e (L．NA) on nitric ∞ de (NO) 
production in cultured neomtal rat mic~glia． 

吼 H0DS：N0 concentration was represented 

bv nitrite w cIl was determined by Grless 

l~tC'tlon． REsI】1 【s：In resting micmglia。no 

inhibitory effects of GA． GB． and Apa were 

observed ． L—NA inhibited NO production．its 

I value(95％ confidence limits)being 3．4 

(0．8—14．9)mnol·L～． GA．GB，and L—NA 
inhibited NO production in U 一stimalated 

micmglin。 and their ICm Values (95％ 

confidence limits)were 5．7(1．8一l8．1)，1．1 

(O．3—4．4)，and O．5(0．1—2．8)tm~ol·L～， 
respectively． Apa did not inhibit NO 

prndnc ti~ ． CONCLUSION：GA and GB inhi— 

bited NO production in Ll~-stinmlated microglia． 

Nitric oxide(NO)is comidered as a new 

da88 of si lalingmoleculethat acts primarily on 

the nervous and cal~ovascular systems． In 

rodent，Ca2 一independent ind ucible NO synthase 

(iNOS)isfoundinmonocytefmacrophage series， 
including mieroglia，the resident

、

macrophage of 

the central ncrvOll8 systemL ． B-Amyloid 

protein， inm'femn一7， interleukin一1 (IL广1)， 
tURlOr necrosis factor-a (TNF-n )， and 

lipepolysaceharide(U )activate mieroglia to 
produce hish level of NOt 一 ． Activated 

micmglia mediate neuron injury t}lrou NO 
mechanism‘4J． 11li8} dv rPA~ ve free radical 
has cytotoxic properties and is implicated in 

neumdegencrative diseBses，such 鹊 Parkinsan ’s 

disease， Alzbeimer's disease， AⅡ)s dementia． 

and stxo~e． Thus， to inhibit NO production 
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from mi emglia may be a new way to counteract 

ncuron~injury-by therapeutic agents． 
Ginkgolides． from Gil~ o biloba， are 

platelet-activatingfactor(PAr)receptor antago— 
nistsL 

． Ginkgolide A (GA．BN52O2O)and 

B(GB，BN52021)reduced exeitotoxic damage 

to cultured nc UIDII~ an d protected rat hippo— 

can and neocortex from ischemie injury／n 
v／vo LS J

． GB counteract tissue dal and 锄一 

hanced neurologieal recovery after traumatic brain 

my J
． GB inhibited D一【 H J aspartate 

release in rat hlppncampal slice after ischemia in 

vhro‘J J． However， 叩a (Apa)，a PJ 
antagonlst of the triazolobenzodiazepinc type，did 

not protect neuron from excitotoxic 也 in 

cultured nellroas from embryonic chick telenoe— 

phalon ． In this paper，the effects of ginkgo— 

lides on N0 production from stimulated 

neonatal ratmicmglia／n v／tro wereinvestigated ． 

RffiⅡ lk A(GA。 Ib09} 

RffiOH gh- B(GB。 】 

M【A．I1口UA AND h1暇I】哪)DS 

Reag~ ts Crystals of GA and GB were 

ge[1elDllS slfu from Prof CHEN Zhong-Liang 

(Department of Ph仲Dc}l衄 isⅡ丫of our instimte)． 
U (E co／／055：B5)and N~-nitm—L．a njne 

(L—NA)were purchased from Sif~na Co． Apa 
was ldf1dlv offered by Dr YU Xlang-Bin 

(Department ofClinical Pharmacology，Dongfang 

Hospital，Fuzhou，China)． Dulbeceo’s modi— 
fled EaglelTlediu／n(DMEM，llish glucose。Gibco 
BRL) was supplemented with 10％ newborn 

bovine serlllTl，L一只h】ta fle 2 mmol·L一 ，sodiu／n 
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pyruvate l mmol·L一 ．ben~lpenicillin 100 kU· 

L一 ．and streptomycin 100 mg·L一 ． Sulfanila- 

mide， N一( 1-naphthy1 ) ethyletaediamine 
dlhydrochloride (NEDA)and phosphoric acid 
w砒 domestic AR 霉cade products． Griess 

reagent was composed of 1％ sulfanilamide and 

0．1％ NEDA in 4 ％ phosphoric acid． 

P1．i玎mry neonatal rat mieroglial culture 

Mixed ial cultures were prepared from 

ceIehra of neonatal agIle—1)awley mts(within 
24 h) ． Bmin tissues were minced and 

dissociated by gently p~petting in phosphated 

buffered saline(PBS，pH 7．4)，then pa8sed 
tlllDI】gb 80 and 120 lan diameter stainless steel 

m黜hes successively． Cells(5 x l ·L )weIe 

suspended in DMEM and seeded oll幽 tissue 
flasks pmeoa~d with rat tail collagen． I1le 

flasks were ineubated at 36．5℃ in a humidified 

air with 5％ CO2． At time of primary cell 

cordluenee(d 14)，micmglia weIe harvested by 
gentle shaking flasks 3— 4 h on a horizontal 

platform (LAB．IDiE／DINOFF SIlaker)． In 
each subsequent week．micmglia weIe harvested 

from th e—very 吲fm吨 (feeder) 
culturesL ． I1le supemalants well~centrifuged 

at 200×g for 5 min． Cells weIe resuspended 

on D衄 M and seeded in 48．well plastic plates 

(Costar)at the concentration of2 x lOS·L for 

a ren∞ for40 lrfin． ．~ter the cells attached． 

tIlev were suppliedwithfleshlTil~ a and cultured 

for l d t0 allow them recovered from mechanical 

stJmu]alion． I1le cells were evaluatedL]OJ bv 

nom[~．effic esterase staining >99 ％ ， by rat 

mac邶phage specific antigen ED1 stalr~ag 

>95 ％ ，and as al specific protein GF 

stai血 】g <5 ％ ． 

N0 plulIlc60n in rat r~eroglia induced 

med~ tion PIjm￡ rat lllic 她 were 

吕eeded oll 48-well lates(Costar)at 2 x l08· 

L～． GA，GB，Apa，or L．NA(1—10 000 
ruml·L一 ) added separatelywith orwithout 

U】s 1 mg·L_。． AⅡ t．teatn~nts weIe incubated 

for 24 h． n1e supernatants wm  stored at 
一 2O ℃ until assay． 

Assay for NO pcodllct~n Njtrite 

concentration was determined bv Griess 

reaction．j ． Culture supernatants l0o血 weIe 

mixed with 100 止 of Griess reagent． After 

chromoohore wfl~g formed at 25 ℃ for 15 min． 

absorbance was determined at 570 n／n咄 EIA 
reader，and nitrite concentration was determined 

with reference to a standaid curve of 80出um 

r 耐te using concentrations from 3．125 to 200 

“n101．L一 

Stafisti~l am lysis Data were expmss~ 

as ±s and analyzed by t-lest． Ic5o values 
andtheir95 ％ confidencelimitswere calculated 

Bliss method． 

RESI】I 

In resting micmglia GA，GB，and Apa at 

0．001— 10 wnol·L一 did not inhibit NO 

production． However，L—NA (0．01—10 tnnol· 

L )decreased NO production in a coilcerl[1'~t- 

tion-dependent nlaNller(r=0．92)，its IQo 

value(95％ confidencelimits)being 3．4(0．8 
— 14．9)wnol·L (Tab 1)． 

Tab 1． 髓  GA l GB， L-NAl trod A坤 m  NO 

pl h删 皿 抽 re,t~g m d L睁 stImL ml口峨 陆 ． H = 4 

∞ Ⅱ c2×l矿oe ·L_J 12—14m叫日tBI r日招l O．5 

mlJw~ )． ± ． IP>0．惦． 《O．眦 re蚰嚷 

mia嗍蛳 0蛐 卜L_。． >0．05l叩 《O．05， P《0．01．．冒 
LIPS-武_Ⅲ_山I d瑚毒c舶|● 0蛐  L一1． 

nmol’L GA N02一／ m0l·L。。 

GB L-NA Al~ant 

IIe 略 afietaglia 

0 23．8±1．7 

1 

l0 

100 

1 000 

10∞ 0 

26．6±2．铲 

22．7±5．6 

M ．2±7．2． 

21．8±3．3‘ 

20．9±5．4‘ 

20．7±3．2 

23．6±3．0I 

l9．8±4．1‘ 

22．4±6．2． 

22．8±0．7． 

20．2± 1． 

25．2±4．1 

25．8±O．7 

20．2±1． 

l6．8±1．5。 

14．6±2．8 

12．4± 1．8c 

17．2±2．6 

16 9±1． 

l6．2±3．0． 

15．8±2．1 

14．6±2．2‘ 

15．9±2．3‘ 

L Safi,lmhted mi盯 

0 35．1±0．7 35．1±0．7 32．6±2．3 32．6± 1．3 

l ．8±2．1d 31．5± 1． 26．8±2．1 32．1±4．8 

l0 35．1±4． 22．9±6．1f 20
．3±1．2E 30．4±4．1 

100 26．5±1．0f l9．3±3．Of 17．8±1．1 31．9±3． 

l 000 22．4±1．0f 18．6±1．1 l4．3±2．8 29．8±6．4d 

10 000 18．0±2
． 1 l5．0±1．4{ 13．4±1． 30．4±5．7d 

In LPS(1 nag·L )．sfinmlated rrficroglia 

GA(0．1—10tanol·L )，GB(0．01—10tnnol 
·L )，and L—NA (0．001 nmo1．L～ 一10 

ttmol·L )reduced NO production in d 

de 眦lll~Xliler(r=0．96，0．85，and 0．95， 
respectively)，andIC∞values(95％ contldellce 

tlmits)weIe 5．7(1．8—18．1)，1．1(0．3— 

4．4)，and 0．5 (0．1—2．8)wnol·L～， 
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respectivdv． } wever，Apa did not inhibit NO 

production from LPS-stimlJlated neonatal rat 

microglia(Tab 1)． 

11le synthesis ofNO inileuron~．endothelial 

cells．and platelets is inidated by a receptor Or 

less commonly by ion．channel receptor influx of 

calcium，resulting in activation of the calcium／ 

ealmodulin-dependent NOS，ie，constitutive N0S 

(cN0s)． Bv conll"d~，the synthesis of NO by 
cells of the inmlune system is calcium- 

independent and is induced in the pre~gnce of 

U】s and various cytokines． It w舾 suggested 

that NO oroduetion in rat microglia was 

dependent on Ca2 ．independent iN0S which 

could be induced to produce sustained high level 

0fN0 bv U)s and interferon-)'． In the pl~sent 

． hie．h level of NO production in U)s- 

activated miemglia was observed． Mol'eover． 

res~g micmglia produced NO (17．2— 25．2 

衄 ·L )． 11le IC∞value of NOS inhibitor 
． NA in resting micIo a was similar wlth Ki 

(1．5 衄 ·L )for bovine eerebrurn cN0S 
which is dependent on Ca and ealmodulinkl2J． 

The results~Jght suggest that there exist cNOS． 

besides iNO6 iIl mt neonatal microglia． 

Moreover， the ICm value of L．NA in IJFS 

81Jm131atedmicrogliawaslower． It suggestedthat 
． NA showed relative selectivity in inhibition of 

activated microglia to produce NO． 

Hawever． GA and GB decreased N0 

production in stimulated rat mic~e_Jia only． 
EGb 761． a mixed eXl／'8~ which consists of 

flavonoids， terpenoids (gink~olides and 
bilobalides)， and 8Ohio organic acid， from 
G／nkgo b／／oba leaves，exhibits to 目Ⅲ ell窖e the 

superoxide anion， hydroxyl radieals， peroxyl 

radical species， and N0 directly。inhibit NO6 

aetivity directly in intaet cells and the aetivity of 

iNOS from macroph~e eytosolie fl'action． and 

inhibits iNOS mRNA expl~sion at hi吐 

eoncentration (200 nag·L一 )【 3，1 4j． |Il1e 
various constitutes of EGb 761 may contribute to 

these inhibitory effects by their additive Or 

synergistic roles． Our results showed that CA 

and GB inhibited NO production． HOWeV~I"， 

anoth~l"PAl?antagonist Apa did not show any 

inhibitory effect on N0 production in rat 

mieroglia，it’vas parallel with the rle目 ltive effect 

on excitotoxie dltJnB．ge to rle啪 nsL ． It 

supported that NO is a key factor mediated 

nelll~n damage． Recently，GB has been usedin 

the treatment of mlJltiple sclerosis patients and 

got encouraging results ． Thus。inhibition of 

NO productionfrom microgliamay be an effective 

way to protect nelJmn injury from trauma． 
Alzheimer’s disease。 mlJldple 8clerosis。 and 

stmke． 
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目的：观察银杏 内酯 A和 B，PAF拮抗剂阿帕泛 

(Apa)和 NOS抑制剂 ￡一NA对新生大 鼠小胶质细胞 

(Mi)产生 NO的影 响． 方法：以 Gfiess反应测定 

亚硝酸盐 含量 表示 NO量 ． 结果 ：在 静息 Mi， 

gil 出 (BN52063，BN52021)．in v ous clinical GA．GB和 Apa在 1—10 000 nmol·L 范围对 Mi产 

r 一·JI~t,ki GeⅡsig 994；10：141一 · (1星生NO没有影响，但L-NA可浓度依赖性地抑制 

古内醋抑制新生大鼠小胶质细胞产生一氧化氮 N0产生，其ICe0(95％可信限)值为3．4(0．8一 

丝鲢 ， 卜” 

(中国科学院上海药物研究所，上薄 200031，中国) 

关键词 银杏内酯；血小板激活因子； 

硝基精氨酸；一氧化氮 ；小胶质细胞； 

脂多糖；培养的细胞 ；阿帕泛 

14．9)vmol·L～． 而在激活 的 Mi，cA，GB和 ￡· 

NA可浓度依赖性地抑制 NO产生 ．其 IC~0(95％可 

信限)值分别为 5．7(1．8一l8．1)，1．1(0．3—4．4) 

和0．5(0．1—2．8)mad·L-。，但 Atm不能抑制 N0 

产生． 结论 ：GA和 GB抑制 LPS诱导 Mi产生 

NO． 
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Nitric oxide and sol  poison~g 

WANG Yu一Ⅺa，SUN Man-Ji (Institute ofPharmacology and 疵咖 ， 
∞出m ofM巍 Medlcxd Sden~ ，&曲 100850，China) 

KEY WORDS soman；acetylcholine； 

nitric oxide；arginine；nitric-oxlde synthaso ； 

r̂G—nitro—L一日IgiIli]tle methyl ester 

A皿 ：To exKi~ne whether niuic．o：dde(NO)is 

involved in the toxicity of 8olnal1． M吡 印0Ds： 

Wjtll pretleatmcnts of icy L．arginine(A曜，the 

ml~trate of nitric—ofide synthaso NOS)，  ̂． 

nitro-L．arglnine mo tbyl ester (NAME． 出e 
inhibitor of NOS)，the latency of seizure，and 
the mortality of mice induced by$onlan poisoning 

wel'e exarrdned． nle activities of brain NOS in 

soman-into：dcated mice were measured 

RESUU暇：In case of Arg pretreatments。the 

latency decreased(P<0．05)from (5．2 4-1．8) 

rain(contro1)to(4．3±0．8)rain (Arg 160 
nmo 1)，and the mortality inc玎 lsed(P<0．05 ) 

from 50％ (contro1)to 81％ (衄 160 nmo1)． 
In case of NAME pretleatment． the latency 

increased (P <0．01)from (4．0± 1．1)rein 

(contro1)to(14．5±5．0)mln(NAME 2．2O 

m时1)，and the mo rtality decreased(P<0．05) 

∞∞ tohDf SUNMan-Ji． Plm l懈 翰 9． 67691 

FE~-10-6821—1656． E-mall Sunmj@nlc， ．耻_eat 
R∞d 19974)5·19 ∞̂ ed 199~03-2fi 

from 87 ％ (contro1)to 50 ％ (NAME 2．20 
vmo1)． The to：deity of$onlan in mice wa8 

enhanced by A and reduced by NAME all in a 

dose．doperident fashion． NAME antagonized the 

enhancement of ∞珊aIl poisoning by A ． 

II"Rt~Clition of mi ce with s0n∞ increased the 

NOS acitivity in cerebrum， cerebe】】Jlm， and 

hippocamlous from 10o ％ t0 104 ％ (P < 

0．05)，ll5％ (P<0．O1)，and ll1％ (P< 
O．O1)， respectively． CONCLUSION： 11 
onset of seizure and death of mice induced by 

solnanpoisoning  aIe relatedtothe NO messenger 

system 

Soman is a potent inhibitor of acetylcholine— 

sterase． The enzymelosesits aetivity after being 

phosphonylated，hence the released acetylcholine 

aemmmlates at the syrmptic cleft，consecutively 

stimulates the chollnergic receptors causing flo- 

called hypercholinergy． 

Being  a highly reactive free radical，nitric． 

o：dde(NO)manifests cywtoxic actionin n~u_rorl8 
intoxicated by many c0nm0uI池 L 一3j． We aIe 

intriguing in whether NO is also involved in 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com

