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AtISTRACT   

Anattempt to the developfllentOf asimplein vitro rnethod to deteelrhe drug  
sensitivityofTbpw7…〃mueVW7SIwasmade・BIoodstreamforTnS（BSトs）ofkinetopLastic  
T．evensi，T．evmsilu354and T．e・Ve・nSllL3960popula【ions，ar）dakinetoplasticIl・  
evensiAK，T．even．llilL1934andT．e・Ve・nJ・ilL3960－AKpopulationswerepropagatedin  
vitroinanaxenicculhresystem，inwhichbloodstreamforTrLSOrT・ピVWLSiwerecultured  
intheabsenceoffeederlayercellsusingHMト9cuLturemediumfollowlngtheprocedLlre  
describedearlier（HirumiandHirumi1994）．   
Withaminorm（山ificalion oflheoriginaldrugsensiIivitylest（HirL■mj etal・1993）・the  
minimumeffectiveconcen（rationofdimirlaZeneaCeturate（DA）（BereniL㊥andTRYPAN⑪）  
was tested for the7ニビVer7SZ POPula（ions・Rve hundred FLla】1quOtS Of（rypanosOme  
suspensionin（hemedium，COntainlng2xlO斗BSFs，WerePlacedineachwe11，addedanequal  
voJumeofdrug solt］tionconlain．ngvariousconcentrationsofDAinculturemediumand  
maintainedat37℃with5％CO2inairforlOdaysw］thoutmediumchange・Effec（SOfthe  
drugwereexamjnedbyphase－COntraStmicroscopyevery24hrs■Inthecontrolgroupwith  
nodrug，tryPanOSOmeSincreasedin numberduring（heirLitia13daysand reached the  
maximumcelldensity（1－2xlO6BSFs血1）LTrypanosomes、thereafter．rapidIydecreased  
during the follownB2days and died by day7due to overpopuIa（ion・1n contrast，  
trypanosomes maintainedin the medium containedineffective doses c．f DAt rapidly  
decreasedinnumber anddiedby days3－5・W－ile．inthemedium containedlowerdoses，  
numbersofBSFsgradua11ydecreasedto－heleve］soflO－103BSFs／weLLduringtheinitia13L5  
days・Thereafter．thesurvivedparasitesincreasedinnumberreachingthemaximumdcnslty  
duringthefo1lowlng3－5daysandthendiedbydays7－10・   
ALthough no significant difference was observed between the kinetoplastic and  

chernicallyinduced akinetoplaslic populationstested，the results deTTlOnStrated tha＝he  
minimumeffective concentrationofthedrug testedcan bereadily detectedby rneansor  
phase→COntraS（microscopy wlthout aids of sophisticated eq＝Pmen†s・including a  
freeze－dryerwhichwasusedintheorlgnalmethod・Themethodnay besimpleenoughto  
app】yln Ordinary researchlaboratories which are equlPPed with standard cellculture  
equlprnenlsinctudi－1g a CO2incubator arld an hverted phase－COntraSt microscope・The  
resultswereIlighlyreproducible・   

lNTRODUCT10N   

ThedeveIopmentofinvitrotechmoIoByforcultunngSa）ivariantrypanosomesmaybe  
dividedintofot）rphases．Phasel，from1903to1975，duringthisperiodonlyprocyelie  
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forms wereeontinuously eu11uTed・Phase Tl，from1976to1988，bEISicmethods were  
establishedtocul（ureallthedevelopmelltaLstagesofTrvpal〃▲Y（＞muhru（：elhru〔・ei，T・h・  
g‘unhien・、e．Te h・rk）de・・一iense，T・C（）ngnlen∫ビand T．vivar．PhaseITT．rrom1985to  
1993・duriTlgthisperiodfurtheradvancementsweremadeforpropagatingBSFsin乱Xenic  
Culluresystems－BloodstrearnfoT7TISOfallthemqorpathogenic speCiesofSalivarian  
【rypanosomes，includingT．ev〔uZArL，CanI10WbecLllhlredinvitrointheabsenceoffbedeT  
l′ayer Ce11s（Hirumiand Hirumi1994，also see the paper by zweygarthin this  
PrOCeedings）・PhasetV，Since1993todate・anumberofa仕emptstodevelopaserum  
PrOteinjlee medium which would bethe ultimate medium ror culturlng Salivanan  
trypanosomestlaSbeenmade・Recentlythefirststeptowardthecstablishmen［orsucha  
SyStemWaSrepOrted（Hirumietal．1997）．  
At presen（，Chemotherapy and chemoprophylax．is are sti”the main melhods for  

COntTOllhlgthediseases（Kaminsky1990）．r70WeVer．theextensiveuseofa］imitednumber  
Ofcommerciallyavailable（ryparLOCidesduringthelas（SeVeraldecades，Particularlyforthe  
COntrOlofbovinetrypanosomosis・hasresu］tedintheappearanceofdrug－reSistantparasites  
inmanypartsofAfrica（LeachandRoberts1981，PinderandAuthii1984）．1mproved  
SUrVei］Janee for drug resistance encounteredin thefjeldis essentJalfor more efficient  
COrLtrOlofthediseaseg（Kaminsky1990）since，insomesitua（ions，theresistartcehasbecome  
SOPreValentthatthedrugsconcerned have beenw】thdrawlfromgeneraluse（l．each and  
Robe佃1981）．   

Thestandard methodwhichisstilIwide］ylr．uSeforassessmentofdrug resistanceis  
test．ngofthesusceptibilityoftrypanosomestotrypanocidaldrugsinexperimentalanima】s  
（Kaminsky1990）・Thesetestsoftenrequireanumberofanimalsandaretime－COnSuming，  
ingcnera］taking30－60days・Thus，Simplebu－reIiab】eaJlernativemethodsfordetect］ngthe  
SenSitivltyOftrypanosomestothednJgSinvitroarehighlydesirable・   
TheestablishmentofinvitromethodsforcultivatingBSFsofT．b．brucei（Hirumieta】．  
1977），T・COtZgOLense（Hirumiand HirumiL984）and7二vivar（Brun and Moloo1982，  
Hirumiet a］・1983）in the presence of mammalian feederlayeトCells hasled to the  
developmentofin vitro systemsfor determiningdrug sensitivily（Barowy etal．1985a，  
1985b，1985c，1988，RossandTailor1990，ZweygarthandKaTnlnsky1990）．However，the  
requ．rementfor feeder Layer－Cel）sin these culture systerns has hampered their usein  
Studyingtrypanocidalactjvitiesinvitro（Kaminsky1990）．Thisproblemhasrecentlybee  
OVerCOmCbythedevelopmentoffeederlayer－freeculturesysLemsfor BSFsof Tlb  
（Baltze†al・1985，Duszenkoeta）・】985．HirumiandHirumi1989），T．cnngoLense（Hirumi  
andHirumi1991），r・YimLae（Zweygarth etal．Ⅰ992）and rl再vax（Hirumietal．199la，  
Zweygarlhetal・1991a）．   
FoltowLngthein（roducLionoftheseaxenicculturesystems，COrlSiderable prDgreSSinthe  

invitro assessmentoftrypanocidalaetivitiesofvariouscompotIndsin BSFsofT brucei  
（Bou【ei11ee（al・1988，BrunandKunz1989，Brunetal・1989，KaminskyandZweygarlh  
1989a11989bt】99］，Kaminskyetal・19891Zinsstagetal・1991alZweygarthandKaminsky  

1990，1991，Zweygarthetal・1990）and，tOalimitedextent，inT・VEvax（Zweygarthetal，  
1991b）hasbeenmade・TnTIcongoLense，invitrotrypan（光idalactivitieshavebeenexamined  

by using theirLSeCt－VeCtOr Stage（PrOCyClic forms）（Brun and Rab199l，E］rayah afld  
Kaminsky199】．RossandTailor1990），andbytheincorporationoffHl－hypoxanthinein  
Shorト【ermBSFsculturesystemsintheab紀nCe（BrunandRab1991）orthepresence（Ross  
and Tailor1990）offeederlayerLCenS．A simple method fortheinvitro detection of  
SenSi（ivity］evels to4trypanocidaldrugS Which are corrLmOnlyin use for BSFs of7二  
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（：（，ng（）len・Y（）hasalsobeendeveJoped（Hirl】miela】・1993）・］nthepresentsILL（ly、anattemPIto  

SimpLifyfurther［hismeth（XlhasL）eenmadeforT．e・V（Jn．＼i．   

M＾TRRTALS＾NT）METHODS   
TりpanOSOmeS・Threekinetoplastic（K）and3akinetoplastic（AK）straiTISOfT．evunl・L  

ljstedin TabJe］weretested．  

TabJcl．LisLoIllhc’IナypL7Il“r）Ill（7eL・（tI［．一jdTuimlcsled．  
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BloodstreamrornlSOfeachstrainwe】’eiso］atedfrominfected RAIB／tmice．separated  
rromLhebloodeeLIsbymeansofl）fiL52cellulosechromatography（LanhamandGodfrey  

1970）andpropaga（edin axeniecuLturefoILowlngthe procedurereviewedear［ier（Hirumi  
andHjrlJmi1994）usingHMト9nledjumthathasbeenoriginallydevelopedfortheaxenic  

Cullureof71bru（：ei（Hirumiand HirumiL98り）・Wlenthe culturesbecamestable showing  

COnSistentgrowthrates，BSFsofeachslraincoJtecle（1bycenlrifugationa（3，000gfor15min．  
andresuspendedinfreshmcdiumat2x10ヰBSFs／ml．Fivehundred〃．Lofthetrypanosome  
SuSPenSionjnIhemedium werepLacedineach weJlof24－WellcuJtureplates（「alcon3047，  

BectonDickinson，N．J．，L：SA）．   
TwafZOCidaLdrug・Twosourcesofdifninazeneaceturatewereused；Berenil㊨，POWder  

form（HoechsIAG，Germany）and TRYPAN軌1iqujd form（DipL．lnst，Sup．Tech－Dev．  

Med・，11amburg，Germany；SeeLhepaperbyBourdichonin（hisproceedillgSrOrthedetails），  
TherirsII）A slock solulionsof BerenilandTRYPAN werepreparedin10ml（，r distilled  
WaterCOn［ainlngthesame concentrationofthe activegradientof DA，then Lest soluLions  
WerepreparedbyIOJbld（forhighcoTICentrations）and2－foldserialdilutions（forthefiTlal  
testsolutlOnS）incul（urernedium・FivehundredJLlofthetestsolutionsconlaining2times  
COnCentrationsofthefinaltest］ngdosesofl〕AwasaddedtoeachwelL thatreceived500［Ll  
Or the trypanosome suspension（finalseeding density：lx）O4RSFs／ml人叩】L）．The final  
Cr）nCentrationsorDAtestじdwere640．320，1（札80，40，20，10．5a11dOnかml．   
DeLecLwnqf－1heminimum脚cELvedose・Theminimumeffectivedose wasde（ectedby  
mainlainingthetestplatsat37℃wlth5％CO2inairforlOdaysw仙outmediumchange．  
And effectsof the drug on the growth of r・eVenSiBSFs were eva］uated by means of  
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Phase－COntraStmicroscopyevery24hrsr   

RESULTS   

Priortolhe fina】tes（S，theefttctiveTleSSOf Bereniland TRYPANon（he growthof T  
evun5i）L3354BSFs，Which had been we11adapled toin vilrO Cu］ture for more than）O  
rnonIIISa（ldexhibitedaconstantgrowthrate，WereCOmPared．Thispretiminary（estindicated  
thattherewasnodeteelabledifferencesregardinglhedegreeofgrowthinhibitionbetween  
thetwo drugs．Thus，allremainLng teStS Weremade usingTRYPAN sinceitsliquidform  
madethepreparaIionortestsotulionseasy．   
The resultsof tes（S（each test wasmadein2wells／adrug concentration；eaCh（estwas  
repeated3－6tjmes；Tansui：6tirnes、TansuトAK：6timesJL1934：4times，T13354＝3times、  
IL3960：4times．3960－＾K：4times）．Since（heresultsof6repeatedtestsonr．evansiTarlSui  
andTar）Sui－AKwerehighlyconsislent，remainlngteSIswererepeated3－4times，   
1ncontrol（Withoutdnlg），tryPatlOSOmeSincreasedinnum♭erduringtheinitia13days  
andreached themaxjmumeelldensjty（1L2x′10t．BSFs血1），thereafterrapidlydecreased  
duringthefollowlng2daysanddieddueLotheoverpopula（ionbyday7．InsuchwelLsthe  
COIordmediunlChangedslightlyyellowish（ambeけindicatingpH6・8－7・0・   
Tnthewe11sconlainedeffecTivecorLCentrationsofDA，tryParLOSOmeSrapidlydccreased  
innumbershow］ngTlOincreaseinnumberfromtheseedingdensityanddiedbydays3欄5．  
The color of（he mediumin these cultures showed sLightLy pinkish（pH7．8±）This  
COlorimefricchangewasnotasdistinctasthatseenintheafftctedtestwellsofTIco托gO）ense  
BFSs（HiruI而etal．1993）．   
【ncontrast，teSt We”scontainedinefTective dosesof DA，tWOty匹S OfBrOWth patIerns  
WereObserved．Typel：thegrowthpatternwasshTtilartothatseeninthecontro）group．This  
typewas observedin weItscontainedlowdosesof DAas expected．TypeTl：in the welIs  
COntained higfler doses、butlower than the effective doses，numbers of trypanosomes  
gradual1ydecreasedtothclevelsoflO－103BSFs／胱Il（dependingonlheDAconcentrations）  
duringtheinitia13－5days．Thereafterthesurvivedparasjtesincreasedinnumberreaching  
themaximumdensi（yduringthefollowtng3－5daysandthendiedduetooverpopulation  
bydays7－10・  
TheresuttsofthetestsaresummarizedinTable2．  

Table二と．Gl－（1WthirlhibiLiorlOl■T．evL7t75iBSFs山＼・ariousconcenLruLioTISt）（／dininazene  

acemlTale（DA）＊inc111ture 

Grr〉llノーhinhibition  

DAconc8mlrati（）n（ng／ml）  Stra⊥n   

ふ軒） 320 】6（） 8（）  40  ユ0  10   5   0  

Tl．ビV（‡托∫fTanslti  

7’．ビV〟耶ブTansuトAK  

r，どV（Ⅰ那fILt934  

r．gv（T〃∫iIL3354  

T二gv（Ⅰ〝∫JIu9（某）  

7二どlⅥJ王∫ilL3賂）－AK  

賀TRYPAN  

D【SCUSSION   

Althoughtherewas no distinctivedifferencebetweenki眠tOPlasticstrains（Tansui  
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andl1396O）and their chemjcallyi－1dl】Ced akinetoplastiぐ S（rains（TansIJi－AK a一】u  
l13960－AK，reSpeCtively），lhe minimurn erfective concentratiollS OT T）A ror Tansui，  
TansuiAKand［L1934（160ng／mJ）were4timeshigherlhantha†ofIL3354，l13960and  
lt3960－AK（40ng／ml），Theseresultssugges（（1）thatkinetoplasts（TT．inicirclel〕NA）orT  
evw7SimaynotinvoIv雪WithtrypanoeidalactivitiesofDAand（2）thalgrealdifrerences  
regardingthesensitivit．es toDA mayexistwidely amongdi汀erent populationsof T・  
el′（lYLYl．suggestlngtheTleedorpTeCautjonjndetenllinlngtheopt■TTlumdoseorr）Aforfle］d  
treatments．  

TheType［1growthpa11emseeninthewe11sconLainedunafrecteddoses（）f’DAsuggests  
thatthetrypanosomepopulalion wasamixedpopu］ation consistedofparasi（eswhkhwere  
‖sensi（ive”and’1resistant’．to（hethedrugat（hedose（estedL   
Indrl】g SenSilivltylestsitisessenljalIo detect†he presenceof such parasiteslhatare  
resista■lt【oaglVenCOnCentratio110ftrypanocidaldrug，eVeninasma”number，Sineesuch  
parasiteswou］d beresponsib［eforthe re］apse oftheinfectionafterThetrea†ment・In（his  
study，therefore，thelowestconcentraLionwhichinhibitedthegrowth of■一alllrparasi（es was  
considered to betherninimum efLt・Ctivedose．   

lntheaxenicculture systemappliedin thepresent sLudy，aSma］1number of7二‘′l’an・＼i  
BSFs（even as smaLL aslO outoflOJBFSs／welL）isablelo continue tomultiply without  
mediumchangein（hepresence oflargenumbersofdead（rypanosomes（SenSilive）f’orat  
leas暮10daysoruntj］theyreachthemaximumpopulationdensity・ThisabiLityorlhesysIem  
tosupportthecontinuousgrowthofa sma11numberoftheBSFswithou（medium change  
forlOdaysisparticularJyadvantageousin detect］ngtheminimum efTectivedoselSinceit  
enabLesthesyslemtoselectsforasmaunumberofunaffected（resistan（）trypanosomesfrom  
them叫OntyWhicharesensitive（OaglVenCOnCenEralioT10ftestdrug・   
Themaintenance ofthe axeniccuJ（uresissimple，a］though certain skillsmay tN：Sti”  
requiredtoinitiatetheculturefromtheor】glnatisotatesandk）rlaboratorystockswhichhave  
notbeenadapted10invitroculture（Hirumiandllirumi1991）・   
Anotheradvantageof（heinvitroassaydescribedhereistherequLrementforon］y basic  
Laboratory equlPmentS for celIculIure，SuCh as a CO2incubator and aninverted  
phaseLCOntraSt microscope（Hirumiet aJ．1993），and no requiremenlfor sophistieate  
equiprnents，SuCh asa Spectrophoto［11er，Enzyme－1inkedImmunosorbentAssay（ELISA）  
Reader，LiqLJid ScintillationCounterandaCoulterCe”Counter，uSedinearJierwork（Brun  
andKunz1989，Brun and鮎Ib1991，Kaminsky alld Zweygarth1989b，Kaminsky et al・  
1989，RossandTai】or1990，Zjnsstagelal，】99】）buthardlyavailableinmany］abora†ories  
indeveloplngCOUntries・   
lnthe originalmethod（HirumieL al・1993），a11tes（Plates were prepared by（he  

freeze－dry merhod which considerab］y sirnp］iried the preparatory procedure of the test  
plate5．Thefreeze－driedtestplateswerewrappedwithaluminumfoilandcouldbestoredat  
room temperalure atleast for6 months wlthoulany detectable delerioration o［the  
trypanocide’sefficacy．However，irt（hisstudy，thes（epofLherreeze－drywasomi（tedwiththe  
COnSiderationof unavajlability ofa rreeヱe▼dryerin manylabora10rjes、Particular］y■n the  
developlngCOun（ries．Thus，the（estplateswere preparedpnortoeach（estinthe presenl  
Study．   
Intheonglnalmeth（克rorLhe testsonT・C（，ngO［enseBSFs，theminimumeffectivedose  

was detected based onlhe colorimetric reaetion oftTIC Culture medium．The color of the  

mediuminaffectedcultureschangedtopi■一kishcolor（pH＞7・8）whichⅥ旧店highlydistinctive  
fromtheyellowISh medium（pH≦6・0）in unaffectedcuJturesLIn such unaffec（edcuJture   
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changesin71仙川Lヾ7日SFcuJtureswerelessdistincl（arnber）thanthaTobservedearlierinthe  
testcuLtu∫eSOfT，Ll（・ng（，／enL、eBSFsandsomewhatsimilarto［ha【observedillthetes（eultures  
nfT一．わJ、此どりHirumieIal．】9ウ3）．   
Thismayl）eduetothedifferenceofthemaxLimumpopulation densities玩tweenBSFs  

of71川ng（）！enY‘ナan（］lhoseof7二evansi，Oblainedunder（hecu］ttlreCOnditio71SuSed・Blood－  

s【ream forms or TIc（，ng（｝［en．†e attaCh（O the bottom surraee of cutture vessels，raPidly  
multiply and reach the maximum populatiDn densJly altheIevelof＞5xlO6BSFs／ml  
Wi（hotltmediunlchange，reSulting＝一（hecolorchangeofthernediumLo（hedistinctyellowL  
TncontrasLBSFsofTev〟椚l．1ike7二b．bru（：et■，arefreely’’swimmLng－1jnthernediumand  
reachthemaximumpopulationdensltyattheleveloflx106BSFs加Iresul（inginthe］ess  
distinctivecoLorchange，PH≒6．8－7．0．Thus，thefinalassessmenlsoftheeffecIsofDAon  
epa〃∫LBSFswere made based on the directobservation oftheir groviLh by aninverted  
phase－COnl柑Slmicroscope．  
ThemaintenaTtCe OfけIeaXenic cul（uresystemisalsosimple，although certainski”sare  
S川1required10initiatethecuJturefromtheorlglnalisoLalesofT，eV‘川S／andbrfrom the  
laboratory stocks which haⅥさnOt been adap（ed toirIVitro culture（Hirumiand Hirumi  
、叩＝・、  
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