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InhibitionofRespiratorySyncyticalVirus-HostCelllnteraction
byAminOmethylenebenzimidazoleDerivatives
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(1995年11月30日受理）

Severalaf-aminomethylenebenzimidazole-2-acetonitrileswerefoundtoblockcellfusion

inducedbyrespiratorysyncytialvirus(RSV). InhibitionofoccuredinRSV-infectedHeLacell,

andalsothesameinhibitorswereeffectiveinpreventingfusioninducedbyparainHuenzavirus

type3(PFLUV-3)andmeaslesvirus. EC50valuesofECABNagainstRSV,PFLUV-3,and

measlesviruswere4.4, 15,and24"g/ml,respectively.

Respiratorysyncytialvirus(RSV) isacom-

monrespiratorypathogenwhichcauses,almost

withoutexception, awell-definedepidemicof

respiratoryillnesseveryyear・ Earlystudies

clearlydefinedthethreatofRSVtopediatric

populations,andmorerecentstudiesdemonstrat-

edthesusceptibilityto infectionofgeriatric

populations (1). Attemptstodevelopeffective

vaccinesforRSVhavebeenunsuccessful (2,3).

Inaddition, reinfectionsareacommonevent,

suggestingthatnaturallyaquiredimmunitydoes

notprovidelong-lastingprotection.

Recently, author has reported that

pyridobenzimidazolespossesasiginificantsup-

presiveeffectonthecytopathologyandyieldof

RSV(4). Autorhasexaminedotherinhibitors

likeopen-ringcompoundsofpyridobenzimidazle

such as "-aminomethylene-benzimidazole-

2-acetonitrilederivatives. Inaddition,homologes

andisostersoftheactivecompoundswereinclud-

edtodefinethespecificityoftheinhibitoryproc-

ess.Thisstudyhasidentifiedseveralotherben-

zimidazoleswhichmodulatetheinteractionof

RSVwiththehostcell.

usedbetweenpassages370and376.

ThelongstrainofRSvirus,obtainedfrom

SendaiNationalHospital,wasgrowninsuspen-

sionsofHeLacells.Aftervirusabsorption,the

infectedcellswereseededin250-mlplasticcul-

tureHaskscontainingMEMplus lO%NCS.

Whenviralcytopathiceffectsweremaximal (72

to96h),theflaskswerefrozenat-70｡C.Typical

lysatescontainedlO7tolO850%tissueculture

infectivedosesperml. RFLUV-3(C243strain)

wasalaboratorystrainwhichwaspassedmore

thanlOtimesinhensembroynatedeggsand3

times inMDCKcells. Themeaslesvirus

Sugiyamastrainiswidelyusedasthestandard

measlesstraininJapanandwascultured in

VEROcells.

AIIvirusstocksandcell linesweredeter-

minedtobefreeofmycloplasmacontamination

byamodificationofthefluorochrometechnique

ofChen(5).

Viraltiturations

Virusyieldswerequantitatedbycalculating

50%endpointsbythemethodofReedandMuen-

ch(6). BrieHy,0.05mlofvirusdilutedinMEM

pluslO%NCSwasaddedtomicrotiterplates

(FalconPlastics). Thiswasfollowedbythe

additionof40,000to60,000HeLacellsinavol-

umeofO.05ml． Plateswereincubatedat35｡Cfor

5to7daystoallowthedevelopmentofvirus-

inducedcytopathiceffects.Wellsdemonstrating

anysignsofRSVinfectionwerescoredasposi-

MaterialsAndMethods

ViruSandcellculture

HeLacellswerepropagatedinEaglemini-

malessentialmedium(MEM)supplementedwith

10%newborncalfserum(NCS). Inexperiments

involvingproteaseinhibitors,HeLacellswere
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monitoredbycountingthenumbersofantigen

positive foci or cells ina syncytiumafter

immunoHuorescentstaininginLak-Tekchamber

slide (8chambers,Nunc lnc.,Naperville, IL,

USA)andincubatedat37｡Cin5%CO2.Whenthe

cellsheetshadbecomeconfluent,approximately

50PFUofRSVorPFLUV-3wereinoculatedin

eachchamber(HeLaandVerocells,respective-

ly). Serial4-folddilutionsofthecompoundsin

maintenancemediumwithO.7%methylcellulose

wereaddedtothechambers(intriplicate)andthe

cultureswereincubatedat35｡CinaCO2incuba-

tor. At36h(RSV), 24h (PFLUV-3), or5d

(measles) after infection, themaintenance

mediumwaswithdrawn, thecellswerewashed

twicewithphosphatebufferedsaline(PBS,pH

7.2),andfixedwithacetoneforlOminatroom

temperature. Thefixedcellswerestainedwith

Huoresceinisocyanate(FITC)-conjugatedrabbit

antibodiesagainstRSNV,PFLUV-3,ormeasles

for30minat37｡C.Afterstaining,thecellswere

washedwithPBSandmountedwith20%glycer-

ol inPBS. ImmunoHuorescencewasanalysed

underafluorescentmicroscope (NikonOpti-

phot+EFD2,NikonlndustiralCo.,Tokyo,

Japan).

tivefortheendpointcalculations・ Verocells

wereusedforthePFLUV-3assays; theywere

culturedwithMEMsupplementedwithlO%NCS

andantibiotics. Asamaintenancemediumfor

MDCKcells,MEMsupplementedwithO.2%

bovinealbuminandcrystallizedtrypsin(2.5"g/

ml) (Sigma)wasused. Thegrowthmediumof

VEROcellsconsistedofMEMsupplemented

withl5%newbornbovineserum,100Uofpenicil-

linG/ml,andlOO"gofstreptomycin/ml. The

maintenancemediumconsistedofMEMsup-

plementedwith2%fetalcalfserumandantibi-

oticsatthesameconcentrationsasinthegrowth

medium.

Chemicals

Aminomethylenebenzimidazoleswere pre-

paredfromthereactionofbenzimidazole-2-

acetonitrilewithaminoderivativesinthepres-

enceoftriethylothoformate.Theproductswere

purifiedbytheusualmanner.

AntiviralAssays

HeLacellswereseeded inwell traysto

containapproximatelylO6cellsperwellat72h.

RSvirus,addedatvariousinputmultiplicitiesof

infectionin0.2ml,wasadsorbedfor2hat35｡C.

Afterthisperiod, thewellswererinsedtwice

withlmlofMEMandreceivedeitherinhibitor-

containingorcontrolmediumconsistingofMEM

with2%NCSandl%dimethylsulfoxide. Tox-

icityandpathologywerescoredat24,48,and72

haftertheadditionoftheinhibitors.Totalvirus

yieldsfrominfectedculturesweredetermined

afteronefreeze-thawcycleat-70｡C. Enumera-

tionof the foci formedbyPFLUV-3was

conflrmedbyhaemadsorptionofguineapig

erythrocytestoinfectedcellsat4｡Cforlhbefore

fixation. Anaveragenumberofplaquewas

calculated and the compound concentration

requiredtoinhibitthenumberofplaquesor

haemadsorbingfocito50%ofthecontrolvalue

wasestimatedasthe50%effectiveconcentration

(EC50).

Inhibitoryeffectsofthecompoundsonviral

antigensynthesisandsyncytiumformationwere

Cytotoxicitytest

HeLa,Vero,andMDCKcellswereseeded,at

eitherO.2xlO5orl.0xlO5cellsperwellin24-well

tissuecultureplate(Falcon3047)andallowedto

adheretotheplateat37｡Cfor24hinglowth

medium. Ifseededatthehigherinoculum, the

cellsbecameconHuentafter24h,butwiththe

lowerinoculum, theydidnotbecomecoHuent.

Themediumwasthenreplacedbyfreshmainte-

nancemedium(highcell inoculum)orglowth

medium(lowcell inoculum)containingdifferent

concentrationsofthetestcompoundintriplicate

wellsforeachconcentration. After3dincuba-

tionat35｡Cinmaintenancemedium(highcell

inoculum)or37｡Cinglowthmedium(lowcell

inoculum) in5%CO2, thecellsweredispersed

withO.1%trypsincontainingO.02%EDTA,and

thenumberofviablecellswasdeterminedinan
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haemocytometer.

Thenumberofviablecellswasalsomonitor-

edbytheMTTmethod(Pauwelsetal., 1988).

Thecellsseedein96-wellplates(Falcon3702)at

0.2xlO4odl.0xlO4cellsperwellwereincubated

at37｡Cfor24h. Maintenacemedium, culture

condition, andconcentrationofthetestcom-

poundswereexactlythesameforeachhighand

lowcellinoculumasfortheviablecellcounting

method. Tothisend, theabilityofthecellsto

incorporate 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazoliumbromide (MTT) was

examinedwithaspectrophotometer. Cytotox-

icityofthecompoundswasexpressedasCC50,

whichcorrespondstotheconcentrationrequired

toreducethenumberofviablecellsorMTT

abSorbanceto50%of thecontrol (untreated

cells). Theselectivityindexofeachcompound

wasdeterminedastheratiooftheCC50forcell

viabilitytotheEC50forvirusreplication.

torytoPFLUV-3andmeasles. Thehighest

selectivityindex(SI)wasnotedwithECABN,

againstRSV(SI:2.2)inHeLacellsat35｡C.The

SIvaluesofTEZABN,TRZABN,NPABN,and

CPABNagainstRSVwerelO, 25, 7.5,andl3.5.

TheseSIvalueswerecomperabletothatof

ribavirinagainStRSV.Theselectivityindexesof

thesecompoundsagainstPFLUV-3andmeasles

inVerocellswereupto30-82andobviously

exceedthatofrivabirinagainstPFLUV-3and

measles. SimilarEC50wereobtainedwhenthe

compoundswereaddedtogetherwiththevirusor

afterthevirusadsorptionperiod,whichsuggest

thattheydonotinterferewithvirusadsorption.

Ontheotherhand, thecompounds inhibited

syncytiumformationataconcentrationthatwas

significantly lower than the concentration

requiredtoinhibitviralantigenproduction.This

maybeinterpretedtomeanthatthecompounds

would interferewith fusionbetweenRSV,

PFLUV-3-,andmeasles-infectedcellsandunin-

fectedcells.

Themechanismbywhichthesecompounds

mightinhibitsyncytiumformationremainstobe

elucidated.Forfusionofvirus-infectedandunin-

fectedcells,F-glycoproteinsofRSV,PFLUV-3,

ormeasleshavetobecleavedtoFlandF2by

cellularprotease.Dubovietal. (7)reportedthat

somebis-amidinobenzimidazolesinhibitbothcel-

lular protease activity andRSV-induced

syncytiumformation. Inthisexperiments,these

compoundsdidnot inhibitedtheactivityof

trypSinorclottingfacterX(datanotshown).An

endoproteasehomologoustothisclottingfactor

wouldberesponsibleforthecleavageofthe

F-glycoproteins(8). Inhibitoryofsyncytiumfor-

mationbythesecompoundsmaypreventvirus

fromthecellstocellspreadinvivolesion.Onthe

otherhand, failuretoinhibittheviralantigen

productionbythesecompoundsmayinducethe

stimulationoftheimmunesysteminvivoand

protectthebodyfromtheprogressofinfection.

Aminomethylenebenzimidazole derivatives

shouldbefurtherpursuedascandidatedrugsfor

thetreatmentoforthoandpara-myxovirusinfec-

tion.

ResultsandDiScussion

Ten cY-aminomethylenebenzimidazole-

2-acetonitrileswereexaminedfortheirinhibitory

activityagainStRSV, PFLUV-3, andmeasles.

Fromthesecompounds,5compoundsemergedas

selective anti-RSV: "-ethoxycarbonylamino-

methylenebenzimidazole-2-acetonitrile(ECABN),

"-tetrazolylamino-methylene-benzimidazole-2

acetonitorile (TEZABN), Qf-(1,3,4-triazolyl-2-

aminomethylene)benzimidazole-2-acetonitrile

(TRZABN), "-(3-nitrophenylaminomethylene)-

benzimidazole-2-acetonitrile(NPABN),and"-(3-

chlorophenylaminomethylene)-benzindazole-2-ace-

tonitrile(CPABN).ECABNemergedasthemost

potentantiviralagent: itprovedactiveagainst

RSV,PFLUV-3,andmeasles. Namely, theEC50

ofECABNfortheRSstrainswere4.4"g/ml;for

PFLUV-3, 15"g/ml ; formeasles, 24"g/m1.

TEZABN, TRZABN, NPABN, andCPABN

wereinhibitorytoRSVata5-fold,3-fold,4-fold,

and7-foldhigherconcentrationthanECABN,

respectively. Ofthefivecompounds,TRZABN

wastheleastcytotoxic.TEZABNandCPABN

wereeffectiveagainstRSV,andwerenotinhibi-
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Tablel lnhibitoryeffectsofaminomethylenebenzimidazolesonthereplicationofviruses
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