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A関TR＾CTAnaxeniccul（uresystemforTbpanosomacongole，▲Sebloodstreamtrypomastigoteswasusedforinvitro  
de（ectionoftheirseTlおitivitytodimmaze・WaCe（ura（e（DA），homldiumchloride（HC），isom血mdiumchlorlde（IC）aJld  
quiJ）aPyramiELeSulpha（e（QS）■BIoodstT■eamtryPOmaStigo（esof4stocks（TL2079，IL2466，IL3266andIL333g），4clones  
（ILl180，IL2642，TL300）andIL3035）and16clonesobLalnedinvitro fromlL2079，JL2466，tL3000，1L3266and  
7L3338，WerePrOPag孔tedinvitrouBingHMl－93mediuTTt（HirumlandHirumi1991），AmongtbesefK）PulationsILl180，  
IL2466，IL2642arekn0wn（Obesensi（ivetoDAand／orlCastestedinmiceand／orcattle，WhilelL3035andlL3338are  
highlyresistBn（toDA，ICand／orHCwhene又amJnedincalt］e・Eachwellofa24rwellcultureplaterewivedl00〃lof  
distilJedwatercon（ainLnB VarlOtW amOuntSOf（hedrugS・Tes（plaLes were then丘eeze－dried aJld stored a（r00m  
temp6rat帆Lev61softheresistanceねreJIChdrugw6retheJteXPreSSedin］OstepsftomlOtol－denotlng（hefollowlrLg  
COnCentrations＝DAa（600，500，400，300，200，100，80．60，40and20Jlg／ml；HC，TCandQSatlOqfoldserial  
dilu（ionsfromlOFJgtOlOfg／ml・FivehundredFJl且1iquoLsortTyPanOSOmeSuSpenSioninthemedium，COn血1ng4xlO5  
trypanOSOmeS／ml・Werethenpl且CedineachwellandmahtAmedat34OCinaCO2incubatorfor5dayswithou［medium  
Ch折ge・t；ffects of the drugS Were eXamined by phase側1traSt mlCrOSCOPy eVery24h・Grow（hinhlbition of  
trypanosomes cotJ］d be detecteJby day3and affected trypanosomes djcd durlng the nex124－4Bh．Tn contras暮，  
t明視OSOmeSWhidlWerereSish爪【tolheg－VenCOnC¢nlrationsco爪血n由togrowⅣaCbingth8maXimumpop山山ion  
densitybyd＆y3－5，aTlddiedduringthenext24hdueloovergrovvth・ThepHindicator，phenolred，iTLTnediuminwe11s  
Whichcontalnedaffectedpopul且tionsiTtdicatcdpH8・OL8・5▼While血atinwellsinwhichtrypanosomesreachedthe  
naximumpopul乱tior．densityindlCa（6dpH6・5by血y3－5・Co［orl一価tTyOfthemediaonday5was、thus且1soused  
distiJlguish（hedrugSenSitivl【yof【rypanosomept）pulationsIResistancelevelsofthe4stocksandthe4cloJleSagalnSt  
D＾，HC，lC且ndQSwereILl180：4－7．6＆6，1L2079：5，6，6＆6，TL2466：4，6，6＆8．IL2642：2，4，3＆5，IL3000：  
5，7・7＆6，1L3035：S，7，6＆8，IL3266＝4，6，5＆5andrL3338：8，7．7＆6，reSPeCtlVely－ThelBVelsofresistanceof（he  
invitrocIonedpopulationsweresimilartothoseoftheirparentalpopulations・TheinformationobtairLedinthlSSyStem  
uslng3pl血【鮎perdrugper【りp且nO50me匹pl11a血nfor5血ysprovided且n叫u】、・a16ntamOuれ10rinforma暮iomabu11he  
dn－gSenSjtivltyOfatrypanosomepopulaLionasaninvivo（es（Whichuses36mice且ndlasts2month5．   

mODUCTION   
Aた1CaLltrypanOSOmiasesareknownassleeplngSicknessinmanandnagaJlainlivestock．These  
diseasesarecausedbyprotozoanparasitesthataremainlytransmittedbytsetse－nyVeCtOrS（Glossilla  
SSP・）・M由orspeciesinvoIvedareTbpanosomabruceirhodesiefLreandT：b．gambiefLfeinman，  
andTb・brucei，Tcongo］en5e・TsimiaeandTvivurinlivestock・Atpresent，Chemotherapyand  
Chernoprophylaxis are stillthe main methods for contro11ingthe diseases（Kaminsky1990）．  
However，theextensiveuseofalimitednurnberofcommerciallyavai）abletTypanOCldesduringthe  
last severaldecades，Particularly for the contro］ofbovjne trypanosorniasIS，tlaS reSultedin（he  
appmceofdrug－reSistantparasitesinmanypartsofAfrica（LeachandRot）ertS1981）．Tmproved  
SurVeillancefordrugreSistanceencounteredintheneldisessentjalformoreefncientcontrolofthe  
diseases（Kaminsky1990）since，insomesituations，（heresistancehasbecomesoprevalentthatthe  
drugSCOnCerrledhavebeenwithdrawnfromgeneraluse（LeachandRober［s1981）．TTleStandard  
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methodwhichisstillwidelylnuSeforas～eSSmentOfdrugTeSistanceistestlngOfthesusceptibility  
oftrypanosomestotrypanocidaldrugs 

． 

butreliablealLeTnativemethodsfordetectlngthesensitivltyOftrypanosomestothedrugsinvitroare  
highlydesirable・Thees［ablishmentofinvitromethodsforcultivatingbloodstreamtrypomastlgOteS  
。fT．b，brucei（Hirumietal．1977），71cnTlgL，le那e（HirumiandHirumi1984）andTvivax  
andMoloo1982，Hirumietal・1983）inthepresenceorrnammalianfeederlayer－Cellshasledtothe  
developmentofsystemsfordeterrniningdrugsensitjvity（Borowyetal・1985a・1985b，1985c，1988，  
ZweygarthandKarninsky1990）・＝owever，therequirementforfbedeT］ayerrcellsintheseculture  
systemshashamperedtheiruseinstudyingtrypan∝idalactivitiesinvitro（Kaminsky1990）・This  
problernhasrecentlybeenovercornebythedevelopmentoffbederlayer－freeculturesystemsfor  
bloodstreamtryrx）maStigotesofT brucei（Baltzetal・1985，Duszenkoetal・1985・Hirumiand  
Hirumi1989）．Tcongolense（Hirumiand＝jrumi1991），T15imlae（Zweygarthetal・1992）andT・  
vivar（Hirumietal．1991a，Zweygarthetal・1991）・Fo1lowingtheintroduct10nOftheseaxFnic  
culturesystems，COnSiderableprogressintheinvitroassessmentoftrypanocidalactlVitiesofvarlOuS  
compoundsinbloodstreamtrypomastigotesofT・brucei（Boutei11eetal・1988，BrunandKunz1989，  
Brunetal，1989，KaminskyandZweygarth1989a，1989bl199l，Kaminskyetal・1989，Zinsst且get  
al，1991，ZweygarthandKaminsky1991，Zweygarthetal・1990）and，tOalimitedextent，inTI  
vivar（Zweygarthetal・1991b）hasbeenmade・lnTcongoZen3e，Ontheotherhand，invitro  
trypanocidalactivitieshaveonlybeenexaminedtodatebyusingtheinsect－VeCtOrStage（procyclic  
forms）（Brun and Rab1991，Elrayah and Kaminsky1991，Ross and Taylor1990）and the  
incorTX）rationof［3H］－hypoxanthjnebybloodstreamtrypornastigotesinshortrtermculturesystemsin  
【heabsence（BrunandRab1991）orthepresence（RossandTaylor1990）offtederlayer－Ce11s・This  
paperdescribesanapplicationoftherecen［lyestablishedaxeniccul［uresysternforTIcong〃lense  
bloodstreamtrypomastigotes（HirumiandHirumi1991）totheinvitrodetectionofsensitivitylevels  
to4trypanocidaldrugswhicharecommonlylnuSe・   

MATERlALS AND METHODS 

TbpalZOC血血Ldmgs TrypanocidaldrugsLestedwerediminazeneaceturate（DA）（Jensch1958）  
（BerenilR，Hoechst AG，Germany），homidium chloride（Watkins and Woolfe1952）（HC）  
（NovidiurnR，RMBAnimalHealth Ltd・，England），is9metamidiumchloride（Berg1960）（IC）  
（SamorlnR，RMBAnimaltJealthLtd，England）andqulnapyraminesulphate（Davey1950）（QS）  
（TrypacideSulphateR，May＆Baker，England）・   
Tbpanosomes．HistorleSOf4stocks，4ctones，and16clonesobtainedinvitrofromthestocks  
andoneoftheclonesdurjngthecourseofthepresentstudy，arelistedinTablel・Amongthese  
populations，TLl180，1L2466andIL2642wereknowntobesensitivetoDAand／orICastestedin  
miceand／or catt］e（Peregrine et al．1988，1991，Pjnderand Authi色1984，Sones et al・1988，  
Sutherlandetal．1991），WhileIL3035andIL3338arehighlyresistanttoDA，ICand／orHCwhen  
examinedincattle（Codjiaetal・inpreヲSISutherlandetal・1992）・   

TksIphzfeS，PriortothedrugSenSltivltyteStS，aCOmPaTativetestfortheeffectofeachdrugaL  
variousconcentrationson［hegrowthoftrypanosomeswasmadeingroupsoftestplates（24－We11  
TissueCultureCluster，Costar，MA，USA）whichwere 

． 

placedinwells（100FLlperWel］）whichsubsequentlyreceived［ryparLOSOmeSuSPenSionsinculture  
medium（400LLlperWell）．Ing［Oup2．serialdilutionsofthedrugswerepreparedindist111edwater  
atthesameconcentrationsasingroupl，placedinwells（100J11perwell）andfreezedried（BETAI  
vacuum freeze dryer，Heraeus－Christ（〕mbH，Osterode，Gennany）under steri1e conditions・  
Trypanosome suspensionsin culturemedium werethenplaced拍wells（500LLlperWe11）・No  
de［eCtable differences wereobserved betwcen the2groups regarding the effects ofdrugson the  
growthoftrypanosomesatthesameconcentrations・Thus，a11tes［platesusedinthisstudywere  
preparedbythefreeze－drymethodwhichconsiderab】ysimplinedthepreparatoryprocedureofthe  
test．Thefreeze－driedtestpla【eswerewrappedwithaluminhlm仙1ands【Oredatroomtemperature  
untiluse・Testplatescouldbekeptatleas［6monthsunder［heseconditionswithoutanydetectable  
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T嵐山el．Historyof物d〃d∫〃川800〝g♂ね／ばどSl（醤b＝mdclon¢S 

Original  

designation  

Isolation  De5ignation  Re托ren（：e  

Host Place  Year  

ILl180（Cり  S6r甜酢血71／STIB212  

1L2079（S＊＊） Serengeli／71／STIB249  

IuO79．1（C） （Clondinvitro丘omIL2079）叫＊  

IL2079．2（C）（ClondinY血ofro皿IL2079）輌＊  

IL2079，3（C）（Clonedinvitro丘omIL2079）榊＊  

lL2466（5）   h朋koba／78／CRTA／19  

IL24る8．1（C） （Clonedhvitro散omIL246ら）＊＊＊  

1L2466．2（C） （ClonedinvitrofromIL2466）靡坤  

IL2466．ヨ（C） （ClonedinvitrofromIu㈱）＊＊＊  

IL2466．4（C） （ClorLedinvitrofromIL2466）中仙  

1L2（i42（C）  EATRO209  

IL3∝旧（C）  TransMaralStrah  

lL3（旧0．丁（C） （Re－Cl（）ndimvitro丘omIu（X氾）榊＊  

IL3（頬）．ⅠⅠ（C）（RかCloned血vitro什omIL3（X氾）＝＊  

m（X札Ill（C）（Re－Clqndinvitro丘omIL30（氾）＊＊＊  

1L3035（C）  MlO68  

Iu266（S）   Za血伯7／LUMP／る9  

Iu266．1（C） （Clonedi皿Vitrofrく〉mIL32（〉6）中仙  

Iu266．2（C）（ClondhvitrofromIu266）綿＊  

lL3266．3（C） （Cl（mdinviIm丘omIL3266）＊＊＊  

IL3266・4（C） （Cl（mCdinvitroFrt）nIL326E・）叫＊  

lL｝33＄（S）   Gllibe／89／ILRAD／1392  

Iu33＄．1（C） （Cl（）ndinvi加机rmIL3338）叫＊  

ILき338．2（C）（Clondhvitm丘omIu33琴）＊＊＊   

Lion Tan血a  1971  Ge短y＆KaufぬI11973  

Lion Tamz独1a  1971  Geigy＆Ka血山1973  

Cow BurkinaFaso  1978   Pinder＆Au血i岳1984  

Cow Ug裁n血  1962   Mornson6tal．1978  

Cow Tana山a化enya1966  Welldeetal■1974  

C加 ］物堅  1粥5  Suth8rlandらtal．1992  

Cow Nigβda  1969  L11Ckin5et且l・19軸  

C（〉W Ethiopia  l粥9  Co4】iae【al．hpr8SS  

＊Cl（）此，岬St（妃k，瀧榊ClonedillVi【minHMトg3m由iumIolIowlllgthemethodbyHinlmiet且t・（19紺），eX虎plin払e  
ab策n比Of鎚ed即－1ayercells．   

deteriorationofthetrypanocidesleffie之Cy．Levelsof（heresistanceofeachtrypanosome叩ula血n  
WereeXpreSSedinlOstepsfromlOk）1atthe鮫）110WingfinalconcentrationsこDAat6（札500，4（札  
300，200，100，80，60，40and20r）g／ml；HC，ICandQSat10－foldserialdilutlOnSfromlOFLgtO  
lO馳／ml．   
輌血t8dbloodstrwmLtwoMS卸tes．Blodstreamtrypomastigotesofeachpopulation  
werepropagat由at340cin25cm2T－type（T－25）cul（ureflasks（Costar）fo110Wingthemethdby  
Hirumiandflirumi（1991）usingHMl－93mediurrlWhichwasmodinedbysupplementingtscove’s  
modined Dulbecco’s m∝linedモ毎1e’s MEM（Iscove’s DMEM，Flow Laboratories，Irvine，  
Scotland）with bloodstream form－SUppQrtlrlg（BSF－S）factors：0．05mM bath∝uPrOine sulphonate  
（Sigma，St・ljOuis，MO，USA），1・5mML－CySteiTle（Sigma），0・5mMhypoxanthine（Calbi∝hemi，I・a  
Jolla，CA，USÅ），0・12mM2TmerCaPt（衿thanol（BDH chemicals，Poole，England），1mM sodium  
pyruVale（Sigma）andO．16mMthymidine（Sigma）；5％（V／v）SerumPlusTM（HazletonBiologics，  
knexa，KS，USA）訓d20％（V／v）youれggm亡紀mm（pr印areda【ILRAD）・   
肋gぶg〟戯yめ■J¢ざ紋 five hundred microli【reS Or tryp狛OSOme SuS匹nSjonin m由iu叫  
甲ntaining4xlO5trypanosomeshnl・Wereplacedineachwe］1andmaintaiheda【34OcinaCO2（5％）  
lnCubator’（HeraeusB5060EC／CO2，Hanau，GerTnany）foT5dayswithoutmediumehange．EfFects  

Of the drugS Were eXamined by phase－COntraStmicroscopy（Nikon DIAPHOT，TMD，Nippon  
Kqgah，Tokyo）every24handcolorimetricreaetior）SOfculturemediumassessedbyeye．  

釣l   
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RESULTS   
Seedingdensi＆．Priortothedrug－SenSitivlty teStS，generalgrowthpatternsofbl∝山stream  
trypomastlgOteSOfTcongolenseIL2642andIL3338wereexaminedin24－We］lcu］tureplatesinthe  
absenceofdTugfor5dayswithoutrnedium changein ordertoestablish theoptlmum Seeding  
densltyforthetests・Thetes［wellswereseededwithlOdifferentamountsof［ryPanOSOmeSranglng  
from106tol・5xlO4trypanosomesin500J11HMl－93medium・We11swhichreceived2x105  
trypanosomesofeitherIL26420rlL3338supportedthegrowthpatternwhichappearedtobemost  
suitableforthedrugtests・1nthesewells．trypanosomesattachedtothebottomofthewellwithin  
3h，COntinuedtogrow，reaChingthernaxirnumpopulationdensltyOnday3，anddieddurlng（henext  
24hduetoovergrowth．lr）thewellswhichreceivedhigherarnounts，ma・1ytrypanOSOmeSdet且Ched  
fromthebottomofthewell，forminganumberofclumps，Thereafter，theyrapidlyreachedthe  
maximumdensltyanddiedbeforeday3・Thisseedingdensltyap匹aredtobet00hightotestdrug  
sensitivityinvitro・lncontrast，inwellswhichreceivedlessthan2xlO5trypaJlOSOmeS・try甲nOSOrne  
populat10nSreaChedthemaximumdensltyOnday50rlater，indicatlngthattheseedingdenslty  

Fig，l，Basicgrowth pat（emsofbIoodstream Lryr｝OmaS（lgOteS Of7bpalJOSOma COIJgOLense stockIL3338inthedrug  
tlenSitivilytestwells（24－We）1cuLlurepl且【t，），WllichL：OnLaineddjmin且ZerLe且CeturateinlO－foLdserlaLdilutjoTISfr（）m50to  

O・005FJg／ml－Eachwellreceived2xlO乍（rypanOSOmeSin500FJIHMト93mediumandwereincubateda（340cinaCO2  
incuba（Or士br96hwiLhoutmediumchange■ Phase－じOntraStm】CrOgr甲山・Barindic且teS50FJm・   
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WOuldbetoolowfbrthetest・Thus，theseedingdensityof2xlO5trypanOSOmeSin500lilHMl－93  
mediumperwellwasusedinal1thereminlngeXpenmentS．   
Bbsic grDWlh paLtemsL The basic growth pattems of bloodstream trypomas（igotes of TI  
COngOLeTLfeinthedrug－SenSitivltyteStWellswereexaminedjnthepresenceofvariousamountsOf  
thedrugsinHMl－93mediumforupto5dayswithoutmediumchange・Figurelshowstheresult  
OfonesuchtestwithstockIL3338andDAinlO－folddilut10nSffOm50toO・005Ftg／ml・Growth  
inhibilionofthe（rypanosomeswasclearlyobservedattheconcentrationsof50，5andO・5Jig／mlby  
day3，andtheaffectedtrypanosomesdiedduringthenext24h・Incontrast，trypanOSOmeSinthe  
WellseontalnlngO・05andO・00511g／mlcontinuedtogrowuptoday3，increaslnglnnumbersina  
Simila∫mannertOthecontro］wellswhichcontainednodrug・ThemaxiTnumPOPulationdensltyWaS  
attainedbyday3・Dming thenext24htheppulationdied duetoovergrowth．Theresults  
indicatedthatdrug－affbctedtryFanOSOmePOPulationswerec）earlydistinguishablefromunaffected  
POPulationsbyrneansofphase－COntraStmicroscopybyday5undertheconditionstested．   
GfVWLhnq，01ZSeqfresisLanLandsensMvepqpuhdions，Themaximumresistancelevelsofs加k  
lL2642（high1ysensitivetoDAinmice［Peregrineetal・1991］）andstockIL3338（highlyresistant  
toDAincattle［Codjiaetal・inpress］），W9reeXaminedusing2－foldserialdilutionsofDA，from  
640to40ng／ml・andwithacontroIcontainlngnOdrug－Theresuttonday3demonslratedthatthe  
max！mumconcentrationtowhichIL2642trypanosomeswereresishntwas40ng／m】，Whereasthe  
maxlmumCOnCentratlOntOWhichIL3338（rypano竺meSWer？reSistantwas320ng／ml（Fig・2）・The  
growth of bothIL2642 andlL3338 populatlOnS，malntainediTIWells contalnlng higher  
COnCentrations，WaSSeVerelyinhibitedbyday3，andal1theaffbctedtrypanosomesdieddurlngthe  
next4Sh・Incontrast・unaffectedtryp訓OSOmeSOfbothIL2642andIL3338contlnuedtogrow，  
reachingthelT．aXimumpopulationderLSitybyday30r4，andtherea鮎rdiedduringthefollowlng  
24hduetoovergrowth Theseresultsnotonlyconfirmedthepreviousobservationonthebasic  
growthpatternsbula】sorevealedthatdifferentlevelsofdrugreSistancebetweenthesensitiveand  
theresistantpopulationscouldbereadilydetectedinvitrobymeansofphase－COntraStmicroscopy・  
TheresultsalsosuggestedthatasimplemethodforquantifyingthedrugSenSitivityofTcongoZelLre  
PQpulationscouldbedevelopedifanoptimumrangeoftestconcentrationswasestablishedforeach  
むug．  

（和Limu仇mngeSddT7LgCO那enLrdons．ThemaximumresistanceconcentrationsofDA，HC，  
ICandQStoallthetrypanosomepopulalionofthe4stocksandthe4parentalcloneswere，  

Fig・2・GfOWthresponsesofbtoodstreamtrypomastigotesofT？）panOSOmaCOngOLeTLfeStOCkIL2642，knowntobe  
hlBhlysensitivetodimlnaZmeateeturaLc（DA），andstocklL333S．kJ旭WntObehlghlyresistan（toDA，102－foldsenal  
dilutionsofDAfrom640to40Tlg／m’，aT）dO（COrI（fOl），inHMト93mediumonday3underthesametesLconditions  
m仇tiondhFig・1■Pll耶e－80nt一姫【mlC相月raphs．B且rindica【鮎50I‘m．  
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therek〉re，eXaminedbytestlngeaChpopulationwithlO－fold・5rbldand2－foldserialdilutionsof  
eachdrug，ranglngfromlmg／mitolfg／ml，with5r20steps・Theresu］tsaresummarizedinTab】e  
2．Thedifferenceofthe maximum resistanceconcentrationsofDAbetween themost sensitive  
population（IL2642＝4x10Jng／ml）andthernostresistantpopulations（lL3035・IL3338＝4xlO2ng／ml）  
waslO－fold，Whereasthoseof＝C，ICandQSwerelO3－，104－andlO3－fold，reSpeCtively・1n  
considerationofthepossibleexistenceoftrypanosomepopulatjonsthatmayexhibitlowerand／or  
higher］evelsofsensitivltythanthosedetectedinthepresentstudy，the丘■110WlngrangeSOftest  
concentrationsforthe4drugswerechosenforthestandardizeddrug－teStSyStem：DAat600・500・  
400，300，200，100，80，60，40and20ng／ml；＝C，1CandQSat10－foldserjald‖utionsfromlO4  
tolO－6ng′ml；andawellwithnodrug・Figure3showsthegrowthpatterT）SOftrypanosomesof  
clonelL30Wonday3inastandardizedisometamidiumchloridesensitivltyteStplate・Thegrowth  
patternsofaffectedtrypanosomesattheresistancelevelslO，9and8，andthoseofunaffected  
populationsat thelevels from6toO were，in geneTal，identical【o thebasic growth pa【ternS  
observedearlier．However，atLheleve17，manytryPanOSOTT．eSWereaffectedanddiedduringthe  
initia13days，Whereas some of them were unaffected and continued to grow，reaChing the  
maximumpopulationdensity211ayslater（byday5）thanintheunaffectedpopulation・Thistype  
ofde］ayedgrowthwasoccasional】yseenjntestplatesforal14drugs・dependingontheresistance  
levelofcertain（rypanOSOmepOpulations・The recoveryofthetrypanosomepopulationsappeared  
tobesimilartorelapseinfectionsinhostanimals・Trypanosomepopulationsthatrecoveredinthis  

Table 2．The maximum resist肌Ce COnCentra［jons of diminazene ace［ura（e（DA）－ homidium chloride（HC），  
isometamidiumch】0ride（IC）andquinapyraminesulphate（QS）fortheInOStSenHiLiveandthemostresisrantstocks  
and／orct｛）n仁トam〔皿g【he＝職卿研仰臥即断血・rgPOPul且【j州Slesled・  

MaximumresistanceconcentratlOn（ng／ml）  
Difference  

Mos［sensitivepopulation Mostresistantpopulation   

4又10ヱ（1L3035，1Lココ38）   

10（lLl180，TL3CO］．［L3338）   

10（1L）000，IL333S）  
10ユ（lL2466」L3035）  

10－bld  

lO3－わ】d  

lO4＿fold  

lO3－fold  

4xlO（IL2642）  

10－2（1L2642）  

10‾3（IL2642）   

10■】（IL2642，IL3266）  

Fig・3・GrowLhofblo｛XIs血amtryponlaStLgO－esofTTWn′一‘人一〃mLLCO，．gO［e′LSeClonelL3COOin且n¶isometamidium  
chlor）de（IC）（es【plate．10nday3．TtLeLestwel】scontainedlO－foldsemldilutionsoflCfromlOFJglo］Ofg／TnlwhlCh  
w¢陀叩柁S紀dinlOdrugresis†且nCel飢・C】s什【－m10【01，re5peC【i、・ely，且ndO（COnlTOIwithou†dnlg）・OthぢrteSt  
conditionswerethesameastho5ementjoneJirLFig・1・Phase－COntraStmjcrographsL Barindica（es50lJm・  

′）／   
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man11erwere，therefore，COnSideredtoberesistanttotheeoncentrationtested．   
Theconsistencyoftest resultswasalsocomparedin24qwelland96－Well（96－We11，Tissue  
CultureSeroclusterswithFlatBottomWdls，Costar）plates．Theresultsshowedthatthemaximum  
resistancelevelsdeteetedinthewellsof96－We11platesofterlVariedin±11evelfromtesttotest，  
Wherea5theresultsinthewellsof24－Wellplateswereconsistent・Thus，the24－Wellplateswere  
usdintheぬndardiz由t郎tSy＄lem，   
tbblimeLticTuCLiondcukurYme‘肋r Duringthecourseofthisstudyitbecameevidentthat  
the pHindicator，Phenolred，in the culture Tnediumin the wellsin which the grow仇Of  
trypanosomeswasinhibitedbygivenconcentradonsofdrugSindicatedplJ8．0，8．5（pinkishcoIor），  
Whilethoseinthe wellsin which trypanosomes wereunaffected anddied dueto overgrow仇  
indicaLedpH6・50rlower（yellowisheolor）byday3－5（Fig．4）．Theindic且tOrinthewellsinwhidl  
thetrypanQSOmeSWerePartia11ya触tedbyday3（Fig・3・rFSistaJICeleve17），butrecoveredlater，  
ir）dicatedpH7・8－8・0（antbereo10r）（notshowrL）・Thesecolorlmetricreactionswerereadilydetected  
withthenakedeyelh（Orlonger）afterremovalfromaCO2incubator，andwerestableunder  
normalroomconditionsforseveraldays・Thecolorimetryoftheculturemcdiaonday5wasthus  
aIsousedtodistinguishthedrugSenSi（ivityoftrypanosomepopulationsinaddition【otheph舶e－  
∝血Stmicrose喝野血㊥e細輌i羞感触琴tSySlem．  

鶴■■蛤一  ‾  

■F昭一 聯■■ 欄■F闊■r甲■l呼∵桝■■野間■■7 覇■F∵＋＋＋F姐■山  

Fig・4・Colorll服Iric r出門爪父S Of餌1ture mdi且10血growth ofbl00dst代amlry匹  妙胞ば′柳刃細伽  
COngOtenLTeCIo71elL3338．1inthepresenc学Ofvariousconcent血10nSOfdinllnaLeneaCehlr且te（DA），hoThldiumehlorLdc  
（HCい＄Ome蝕血dlumChlorlde（lC）aJldquirLapyTaminesul如te（QS）onday5underthesan妃teS（COndltionsrnentioned  
inFig・1・”Dr喝托Sist澗C8levdsMweⅣ6叩ー¢各班dinlOsIe騨，触■mIO【0】，血山eIbtlowhg血a】coTIC印Irations：DAat  
600，500，4OO，300，2（氾，1OO，乳60，40and2Ong／d；HC，ICandQSa（1O－EoldselialdilutionsfmmlOFLtOIO  
毎／mL一飯匹暮ivβ1y，and8（Cmlmlwi仙弛tdmg）・Incu加代m由iawhicbindlC且tdp帆00rhigber（pi叫，tbegmw仏  
OftrypanOSOmeSW鮎i血ibitd．whl16inthose、WhichindicatedpH6・50rlower（yellow），unaffbctedtrypazlOSOⅡ雌  
Cq血pudtoさmWfo†3－4血ys，卿ddidby血y5dwtoove曙rOW血．   

Ch‘岬fleTihnqfdnLgSen戯v油s・A11the4tryp禦OSOmepOPulations，including16clones  
Obtainedin vitro，Were CharacIerized for their serlSitivlty tO al】the4drugS．The results are  
SummarizedinFig・5・TheresuLtsrevealedthatthemaximuTnreSistaflCelevelsofthepopulation  
IL2642，known tobevery sensi（ivetoDÅandICinmiceand／orcattle（Peregpineetal．1988，  
1991），tODA，HC，ICarLdQSweregeneral1ylow（2，4，3＆5，reSpeCtively），Whereasthoseof  
IL3035andIL3338，krLOWntObeveryresistanttoDA，HCand／oTICinca［tle（C叫iiaetal．in  
press，Sutherlande［al・1992），Werehigh（IL3035＝8，7，6＆8，IL3338＝B，7，7＆6，reSPeCtively）．  
ThclevelsofthepopulationILl180，knowntobesensitive10DAandICinmice（Peregrineetil．  
1991）andtoTCin cattle（Sonesetal・1988），Wereintermediateoverall（4，7，6＆6，reSPeC（ively）  
betweenthehighlysensitiveandthehighlyresistantpopuIations，However，nOSpeCi丘ccorrelations  
betweenthefe5istancelevelsto（he4drugsin鉛Chtrypanosomepopulationwereobserved；thc  
leyel50fresistancetoDAandICwere8and8inTL3035†but8amd6iIlIL3338，reSpectively・In  
another■■sensitive”population（tL2466），knowntobesensitivetoICin cattle（PtnderandAllthia  

1984），themaximumresist且nCeleveltoICwaLSlow（4），WhilethattoQSwashigh（8）．These  
resultssuggestthaLjndepcndentmechanismsmaytlnderliethedifferentsensjtivitiesobservedwith  
differentTcoflg〃leTLrebl∝XIstreamtrypomastigotestothedifferentdrugs・  

■ヾ   
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Fig・5・DrugreSisLancelt，Vt，1s（，fthEOrigjna14stocksand4cLonesLAJand16c］onesLB＆Clobtair］edinvitrofromthe  
S10CksandcLonesinLA］ag＆ins14drugsshow71OnthヒtOPjTl【A】・Tenleve）sindicatedinthelef（handco［umnwere  
tes（ed且t Lheconcじnl柑LionsindicaLedontherighthandcolt］mLIS．Example：themaximum†eSistarleelevelsof7Ll180  
againstthe4drugSWere4（80ng／m）），7（10ng／ml）．6（1nB／Tnl）and6（1ng／ml），rじS匹C【ively．   
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The16cloneswhichwerecIcIned，Orre－C］oned，invilrofromthe5parent且】populations（IL2079，  
lL2466，IL3000，1L3266andlL3338）expressedthesamelevelsofresistaneetothe4drugsasthe  
Parentalpopulations（Fig．5 B＆C）．Furthermore clonesIL2079．l，IL3000．IandIL3338．l  
expressedthesamelevelsofresistancedetectedintheirparentalpopulations，afterbeingmaintained  
invitroover6months．There－ClonedlL30OO．1population，a魚erbeingpassaged4timesinmice，  
alsoshowedthesamelevelsofresistanceseenintheoriginalIL3000．Ipopulation．Bloodstream  
trypomastlgOtePOpulationsofIL3000．1Iandm3000．ⅠⅠIalsoexpressedthesamelevelsofresistarLee  
astheirparentalpopulatiorl（IL3000）afterhavirlgundergonecompletecyclica7transfbrmationin  
CultufefbllowingthemethodbyHirumiandHirumi（1991）・ThesensitivitiesoflL3338againstDA  
andICwerealsore－eXaminedinmicea魚ermaintainlngtheIX）pulatlOnin印1tureforlmonth．The  
5O％curativedoses（CD5O）and（beir95％co涌dcnceinterval（95％C・T・）（Pereglineetal．1991）of  
ICandDAweTe8．4mgkg‾】bodyweight（95％C．I．：5．9r12．Orngkg‾1bodyweight）arLd60．Omg  
kg‾1bodyweight（no95％C．Ⅰ．wasobhinedsincetheCD50Valuewasthemaximumtolerateddose  
Ofthedrug），reSpeCtively．Thecurativedosesobtainedwere simi1arto thoseobservedwith the  
OnglnalIL3338populatjonin micebefbreirlVitro cu】tivation，These results suggest thatthe  
SenSitivity of the T congolense populatlOnS tO the4drugs are stable，under the experlmental  
conditionsexaminedhere．   

DISCUSSION  

Inthepresentstudy，directcorrelationsbetweenthemaximumresistanceconcentrationsofDA，  
HC，IC and QS and the maxiLnum reSistance dosesin host animals have not been es血blished，  

a】thoughtheoveral11evelsofsensitivityobservedinvitrowere，irLgeneral，inagreementwiththe  
rangesreportedinvivo（C叫iaetal・inpress，Peregrlneetal・198邑，1991，Pinderand Authib  
1984，Sonesetal．1988，Sutherlandetal．1991），ItthereforeappearSthattheinvitrotestsystem  
reportedhereisapotentiallyusefu1toolforthescreenlngOftrypanosomepopulatlOnSisolatedfrom  
natural1yinftctedanimalsin theneld．Theresultsobtair）edin this study alsoindicatethat the  
SyStemWOuldbeausefu11aboratorytoolfor（1）thescreeningofnewdrugS，（2）theselectionof  
expedmental1yinduceddrug－reSistantpopulationsformol∝ularbiologicalstudies，and（3）thestudy  
Ofgrowthpromotlng，aSWellasinhibiting，factors．   
Allthe populations ofbIoodstream trypomastigotes of T congoLeTZSe uSedinlhis study had  
undergonecompletecyclictmnsformationinvitro（Hirumiand Hirumi1991）priortotestir）gand  
WeremaintainedinvitroforvarlOuSperiodsrarLglngfromltolOmonths・NoattempttDteStT  
COngOlenseisolateswhichhadnotundergoneinvitrotransR）rmation（SuChasstocksisolateddirectly  
from natural1y infbcted animals）has yet been made・ Furtherinvestigation regarding the  
applicabilityoftheinvitrodetectionsystem【osuchr・COngO／ensepopulatbnsisneeded1  
1napreliminarystudy，their）VltrOdetectiondescribedherehasbeenappliedtoseveralT b・  
bruceiaf）d T vivarpopulations，howntobeeithersensi［iveorresistantto trypanocidaldrugs，  
usingtheaxeniccultur巳SySterrlSforbloodstreamtrypomas（igotesofTlbrucei（Hirumia皿dHirumi  
1989）andT：vivax（Hirumietal．1991）．Theres油sobtajnedsofarindicafethatthesystemwould  
alsobeapplicabletothesepcplllations．TheyellowishcoIorofcolorimetricreactionin T  
POpulationswassimilartothatobservedinTcongolenseTnpulations，althoughthereactionin7こb・  
∂用Ce～wassomewhatlessdistlnCt（ambef）．   

Mostproblemsthathayehamperedtheapplicationofinvitrosystems，aVai1ableearlier，tOthe  
asヲeS5mentOfdrugsensitivi暮yoftrypanosorneppulations（Kaminsky1990）havebeenovercomeby  
uslngthesimplほedaxenicculturesyst印1fbr7：congolensebloods【rearntryPOrnaStigo（es，IIlthis  
Culturesystem．thetrypomastigotepopula【ionscanbemaintalnedwithoutmediumchangeuntllthey  

reachthemaximumpopulationdensity（＞5Ⅹ106trypanosomes／ml）．Afewtrypar10SOmeSWi11also  
COntinuc to grow without medium change evenin the presence oflal－ge numbers of dead  
trypanosomesねrat］eastlOdays．Thus，Culturesinitiatedwithasingletrypomastigote，eitherinT－  
25flasksorinwellsir）24－Wellplates，CanalsobemaintainedwithoutmediumchangeforuptolO  
days．This ability ofthe system to support thegrow【h ofthetrypomastlgOteS Without medium  
CllangeforlOdaysispartICularlyadvantageousindetec（ingthemaximumresistancecoTIcentration  
Oftrypan∝idaldrugS，Sinceitselectsforasma11numberofunaffected（resistant）trypanosomes  

rt・・   
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from the affected majority which are sensitive to a given concentration of test drug. The 
maintenanceoftheaxenicculturesystemisalsosimple，althoughcertainskillsarestillrequiredto  
initiatetheculturefromtheoriginalisolatesofTcoTlgOLenseand／orlaboratorystockswhichhave  
notbeenadaptedtoinvitroculture（HirumiandHirumi1991）・   
Thecolorimetricreactionoftheculturemedia，Similartothatdescribedhere，hasbeenreported  
earlierfor［eStlngtryPaJl∝idalactivltyinTlblbruceibloodstreamtrypomastlgOteSuSlng96－Well  
platesandanELISAreader（Zinsstagetal・1991）・Intheinvitroassaydescribedinthepresent  
study，theeffectsoftrypanocida】drugSShouldbeexaminedbymeansofphase，COntraStmicroscopy  
eveTy24hduringtheinitia13daysand，ingeneral，thehaldetectionoftheendpointscouldbe  
madebycolorlmetryOfthecul（uTemediabynakedeyeonday5・Onlythewellsinwhichthe  
mediumshowstheintermediatecolor（amber）shouldbere－eXaminedbypbasercontrastmicroscopy・  
IfasmallnumberoftrypaJlOSOmeSWereStillaliveandin，■goodshape－I，a（tachingtothebottomof  
we11s，SuChwellsshouldbefurtherexaminedbyphase－COntraStmicroscopyduringthefollowing2－5  
daysinordertoensurethecontinuousrecoveryorsubsequentdeathofthepopulations・The伽al  
detectioninthesewe11smaybemadebydaylO（atthelatest）・   
Anotheradvantageoftheinvitroassaydescribedhereisthcrequlrernentforonlyrelatively  
simplelaboratoryequlpment，SuChasaCO2incubator，aphase－COntraStmicroscopeaJldavacuum  
freezedryer・Thereis，thus，nOrequlrementforexpenSiveequlpment，SuChasaspectrophotomer，  
enzyme－1inkedimmTnOSOrbentassay（ELTSA）reader，liquidsein（illationcounterandaCoultercell  
counter，uSedinearllerWOrk（BrunandKunz1989，BrunandRab199l，Kaminskyar）dZweygarth  
1989b，Kaminskye（al・1989，Ross 

． 

trypanosomeswouldbeexcellentalternatlVeStOtheinvivotes（SWhichrequlrelargenumbersof  
experimentalanimalsandaretime－COnSuming（Kaminsky1990）・Theinformationobtaincdinthe  
Prey，ntinvitrosystemusing3testplates（trlplicate）perdrugpertrypanOSOmePOPulationand  
lastlng5days，prOVided an equlValentamountofinformationaboutthedrug sensitivltyOfa  
trypanosomepopulationasinvivotestswhichuseatleast36miceandlast2morLths・   
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