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Threespeciesof.naphthalenesulfonicacidanalogshavebeenevaluated foranti-HIV

activityinassaysusingMOLT-4cells. Twospeciesofl-amino-8-hydroxycompoundsland3

and6-amino-1-hydroxycompound2showedinhibitionagainstHIVasEC50values7､4"g/mL,

9.7;"g/mL,andl7."g/mL,respectively.

Thesenaphthalenesulfonicacidanalogsrepresentsanewclassofcompoundswhichmaybe

effectiveinthetreatmentofHIVinfectedpatients. Thestructureactivityrelationshipsand

aprobablemodeactionofthreecompoundsisdiscussed.

Acquired immunodeficiency syndrome

(AIDS) iscausedbyaretrovirusnowknownas

thehuman immune deficiencyvirus (HIV).

AZT,thefirstFDAapproveddrugfortherapeu-

ticuseagainstAIDS,hasshownincreasedsur-

vival inAIDSpatients・ Since then, many

researchgroupshaveprovidednumerousnucleo-

sideandnucleosideanalogswithpotentialanti-
Q

AIDSactivities. Thesestudieshaveledtothe

considerationof2!,3'-dideoxycytidine(ddC),2',3'-

dideoxyadenosine (ddA),2',3'-dideoxyinosine

(ddl), and2',3i-didehydro-2',3'-dideoxythimidine

(d4T)forclinicaltrials. ThedideoxynucleosideS,

likeAZT,exhibittheiranti-HIVactivitybytwo

generalmodesofaction. Asthe5!-triphosphate

theyinhibittheretroviralreversetranscriptase

enzyme. Duetothelackofa3!-OHfunctional-

ity,thesecompoundsalsoblockviralDNAchain

elongation. Morerecently, Patientsreceiving

AZThavedisplayedtoxicity, shownresumption

ofviralreplication, theoccurrenceofcelltocell

virus transmissionduringtreatment, andthe

emergenceofAZTresistantHIV-1strainsduring

prolongedtherapy. Therefore, therestill re-

mainsanurgentneedtosearchfornewinhibi-

torsofHIVthatcouldbeusefulinthetreatment

ofpatientswithAIDS.

Researchinthenon-nucleosideanti-AIDS

area has provided interesting compounds

displayingnovelmodesofaction. Theseinclude

the naturalproducts and/or theiranalogs,

avarol and avarone(1), castanospermine(2),

N-butyldeoxynojirimycin(3), colchicine(4),

hypericin(5), amphotericinBmethyl ester(6),

chalconesandflavones(7),pepstainA(8),and

benanomicineAandB(9). Othercandidates

thathavedemonstratedanti-HIVactivityarethe

oligonucleotides(10),cholicacidderivatives(11),

dextran sulfate(12), soluble CD4(13), D-

penicillamine(14), andphosphonoformate(15).

Theseincludevariousnaturalproductsand/or

theiranalogsandotherdiversechemicalentities.

AspartofanongoingsearchfOrnewanti-HIV

leads,apreviousstudyoftheinvitroanti-HIV-1

activityofcertainnaphthalenedisulfonicacidde-

rivativesprovidedtheimpetustofurtherdesign

andbiologicallyeValuateotheranalogsofthis

classofcompoundSforpotentialanti-HIVactiv-

ity. Inaddition, sinceCongoRedandrelated

anti-HIVdyesareknowntobemetabolizedto

carcinogenicaromaticamines invivo, author

wantedtoexplorethepotentialofusingother

dyes・ Indeed, inthisreportauthorshowthat

thistryhasbeenfruitful.

Chemicals

1-Amino-8-hydroxy-3,6-naphhalenedisulfonic
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thatcompoundsland2effectlOO%inhibitionof
l

HIV-1ataosesthatarenontoxictothecells.

CompoundlhasEC50(50%antiviraldoSe)values

7.4"g/mLagainstHIV-1,demonstratinggreater

potencyintheHIV-lcytopathogenicityassay.

CompoundlhasaCC50valuesoflOO"g/mLand

demonstratesthebestinvitrotherapeuticindex

(ratioofCC30toEC50). Compound2hasEC30val-

uesl7"g/mLagainstHIV-1.Twocompoundsl

and･2arenontoxicatadoseoflOO"g/mL.

However, compound3hastoxicatadoseof52

"g/mLandEC50values9.7"g/mL.

Polarcompoundshaveprovidednovelpoten-

tialanti-HIVagents. Castanospermine,apolar

naturalproduct,probablyprovidedtheimpetus

todevelopN-butylnojirimycin, aglycosidase

inhibitorthathasenteredclinicaltrials・ Many

sulfatedpolysaccharideshaveshownanti-HIV

activitybelowtheanticoagulantthresholdwitha

favorable therapeutic index. Dextransulfate

andheparinexhibittheirantiviralactivityby

inhibitingviraladsorptiontothetargetcell.

Itisworthytonotethatthesulfatedpoly-

saccharidesdonotneedtoentercellstoexhibit

antiviralactivity. Inaclinicalstudy, ithasbeen

shown that oral dextran sulfate is poorly

absorbed. Theactivityoftheseagentsseemsto

berelatedtothesulfatecontentandmolecular

weightofthemolecule・ Indeed,certainworkers

haveusedthetacticsofsulfationtoentranceof

induceanti-HIVactivity. Anotherpolarcom-

pound, aurintricarboxylic acid (ATA), a

triphenylmethanedye,hadbeenshowntohave

anti-HIVactivityandspecificinteractionwith

theCD4receptor. AnewstructureforATAhas

beenassigned.

Fewsulfonicacidcompoundshavedisplayed

anti-HIVactivity. Thefirstsuchcompounds

was thehexasulfonic acidantitrypanosomial

drugsuramine,alsothefirstagenttobeusedin

patientswithAIDSandfoundtobeclinically

ineffective. Othersulfonicaciddyeshavealso

demonstratedanti-HIVactivity・ However, the

dyeproperties of thesemolecules and their

knownabilitytometabolizedtomutagenicand/-

orcarcinogenicphenylorbiphenylaminefrag=

mentswillprecludetheiruseasantiviralagents.

acidderivatives,DirectRed79andDirectBlue

15,werepurchasedfromDINIPONKAYAKU

CO.LTD.andMITUITOATUDYESLTD.,

respectively. 6-Amino-1-hydroxy-3-naph-

thalenesulfonicacidderivative,DirectRed83,

waspurchasedfromDINIPONKAYAKUCO.

LTD.All compoundswerefurtherpurifiedby

chromatography and/or repeated fractional

recrystallizationsandcharacterizedbyNMR,IR,

andelementalanalyses.

AssaysforHIV-11nhibition

Activityofthecompoundsagainsttherepli-

cationofHIV-1wasbasedontheinhibitionof

virus-inducedcytopathogenicityinMT-4cells

wereinfectedwithHIVatamultiplicityofinfec-

tionofO.02andincubatedinthepresenceofvari-

ouSconcentrationoftestcompounds. Aftera4-

daysincubation, thenumberofviablecellswas

determinedbytheMTTmethod, aspreviously

described. Thegiantcellformationassayswas

carriedoutaccordingtoestablishedprotocol.

MOLT-4cellswereculturedwithanequalnum-

berofHUT-78/HTLV-VIIIBfor24h, andthe

numberofgiantcellswasdeterminedmicroscopi-

cally. TheHIVRTassayswascarriedoutas

follows. HIV-1RTwasobtainedfromdisrupted

virionswhichhadbeenpartiallypurifiedand

concentrated. Theassayswasperformedat37C

for30minwith50"Lofareactionmixturecon-

taining50mMTris-HCl (pH8.4), 2mMof

dithiothreitol,100mMKCl,10mMMgCl2. 0.1%

TritonX-100,1"Ciof [methyl-3H]dTTP(30

Ci/mmol),0.01unitofpoly(rA)-oligo(dT),test

compound,andenzyme. Thereactionwastermi-

natedwith200"Loftrichloroaceticacid(5%,

v/v). Theprecipitatedmaterialswerecollected

onglass-fiber filtersandanalyzedfortheir

radioactivity ina liquid-scintillationcounter.

VariationintheexperimentswaslO%atmaxi-

Inurn。

ResultsandDiscussion

InhibitionofHIV-lcytopathogenicitywas

studiedinMT-4cells. Theseresultsillustrate
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Amongthe sulfonicacid containingnatural

products, ligninandagroupofsulfolipidshave

shownanti-HIVactivity. Syntheticanalogsof

suraminehavealsodemonstratedinvitroactivity

betterthanthatofsuramine・ Thegeneralinac-

tivityofl,2-diamino-4-naphthalenesulfonicacid

andtheactivityofCongoRedsuggesttheneed

forthebis(naphthalenenesulfonicacid)moiety

foranti-HIVactivity・ Thedetailedmechanism

ofactionoftheseagentsremainstobedeter-

mined.

However,themodeofactionagainstRTmay

beduetothechelatingpotentialofthesecom-

pounds. Theanti-HIVdyes,CongoRedand

EvansBlue, are documentedto formmetal

complexes. CongoRedisknowntocomplex

withrareearthsaltsandEvansBlueisusedfor

theestimationofmagnesium. Examinationof

the structures of the described

bis(naphthalenesulfonicacid)derivativesreveals

thattheyalsohavethepotentialtoformmetal

complexes. ItisknownthatHIV-1RTisazinc

metalloenzymerequiringmagnesiumforopti-

mumactivity・ Complexationmaybeexpectedto

interferewiththeactivityofRT・ Theantiviral

activityofchelatingagentsiswell-known． Itre-

mainstobedeterminedwhethertheactivityof

thesecompounds isduetothecomplexesthey

formwiththesecrucialmetal ionsorwhether

theyforminvivocomplexeswithothermetals

anditisthesemetalcomplexesthatareresponsi-

blefortheanti-HIVactivity.

Itmaybeenvisionedthattheactivityof

thesecompoundsisduetotheirinvivohydrolysis

products. Manynaphthalenesulfonicacidshave

demonstratedantiviralactivityinavarietyof

screensotherthanforHIV. Thepotential in

vivohydrolysisproductsdidnotshowanyanti-

HIVactivityinMT-4cells. Thevariedsensitiv-

ityofanti-HIVagentstodifferentscreens is

well-documented. Thesestudies indicatethat

theaCtivityofthesecompoundsisnotduetoany

invivohydrolysisproducts.

ConcluSions

" Thesestudieshavedemonstratedthatthe

naphthalenesulfonic acids have potential for
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Scheme・ AntiviralactivecompoundsagainstHIV
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futuredevelopment inthe areaofpotential

anti-AIDStherapy・ Theseobservationssuggest

that thebis(naphthalenedisulfonicacid) unit

mayberequirementfor increasedactivityof

hydroxy-3,6-naphthlenedisulfonic acid deriva-

tives. Studiestoprepareproductsandanalogues

oftheseagentstargetedforoptimizinganti-HIV

activityareinprogress.
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