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EvidenceofinvasionofBabesiagibsoniorganismsintomouseerythrocyteswas  
demonstratedafterinoculationoftheorganismsfromartificiallyinftcteddogsinto  
mice．   

SevereanemiaofdogssufferingfromB・gibsonioccursnotonlyinAsiabut  
alsoinNorthAmerica（Robertetal．1985）．But，VerylittleresearchonB．gibsoni  
has been done，eSpeCial1y with regard to the development of specinc drugS・  
Currently，drugSareStilIbeingusedthatresultinseveresideeffectsandarenot  
lOO％effective（Kuttler1988b）．Inspiteofincreasedneedforeffectivetreatments，  
ithastN，COmedimculttodoresearchusingdogsasexperimentalanimalsbecauseof  
itscostasweJlastheethicalaspectsinvoIved・Therefore，alternativeexperimental  
methodsforB．gibsoniwithoutdogswouldbedesirable・   

ExperimentalmethodstostudyplrOPlasmswithoutaspec捕chostinclude；in  
vitro cultures，Which has been describedin many reports since the1980’s  

（Kellermannetal．1988）；anderythrocyte．replacedmice，Whicharepreparedby  
ir函Ctionofbovineerythrocytesinto severecombinedimmunodeficiency（SCID）  
mieeinordertoinfect777eE［eriasergenti，abovine－SpeCifichaemosporina（SCID－  
Bo system；Tsltjiet al．1992）．1n addition，despite highhost specificity of  
Babesiidaeingeneral（Kuttler1988a；Dalgliesh1993），eStablishmentofarti鮎ial  
infec［ion modelsin non－SPeCific hosts would be also one ofthe worthwhile  
experimentalstrategybecausesomespeciesofBabesiidaehavebeensucceededin  
infectionsinnon－dennitivehosts（Brandtetal．1977；Gorenflotetal．1991；Healy  

andRistic1988）．Therefore，thoughB．gEbsonihasnotbeenreportedinanyhosts  
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exceptCankhe，Wehaveattemptedtoestablishanalternativeartincialinfection  
modelforB・gibsonibyinoculatlngtheorganismsintodifferentmousestrainsin  
thepresentstudy．   

OrganismsofB．gEbsoni，SuPPliedbyAzabuUniversity（Kanagawa，Japan）and  
maintainedbyserialinoculationsofparasitizederythrocytes（PE）intointactdogsin  
Ourlaboratory，Wereinoculatedintothesplenectomizeddogwhichwasthesource  
ofPEfortheinoculationintomice．WhenthepercentageofPE（PPE）reached  
approximately15％in the splenectomized dog，aPPrOXimately14days af［er  
inoculation（DAI），PEwerecollectedandlxlO8pE（approximatelyO．2mlof  
blood）wereinoculatedintoeachofthe25mice．   

C57BL，BALB／candSCIDmice，purChasedfromCLEAJapan（Japan），Were  
usedforthepresentstudy・Intotal，5groupsof5miceeachweresetasfollows：  
untreatedC57BL，BALB／candSCID，anddexamethason－treatedC57BLandSCID  

mice，Dexamethason（onemg／kgbodyweight／day，intraperitorLealiIりection）was  
administratedtoeachmouseintherespeCtivedexamethason－treatedgroups，n．Om  

the day beforeinoculation to4DAI，tO SuPpreSS thefunction oftheimmune  
SyStemS（Fauci1985；Sel11987）・  

Makebloodsm8aranddry  

l  

Fixinacetonc＞andmethano12二3（VN）†or30secalroomtemperature（RT）  

1  

Wash3timeswithphosphatebuff8r8dsaline（PBS，PH7・2）atRT  

I  

Blockn（）n－SPeCificreactivesiteswilhbEockin9SOIutionfor20minatRT  
I  

Wash3timeswiLhPBSatRT  

I  

ReactwFthrabbitanti－do9erythrocyteantibodydilutedlOOtimes  
inO．1％bovineserumaIbumin（BSA）－PBSfor3OminatRT  

I  

Wash3timeswithPBSatRT  

I  

ReactwlthbioIinylanti－rabbitlgGantibodyfo（120minatRT  

I  

Wash3timeswith PBSatRT  

I  

ReactwlthAvidin－Biotin－PeroxidaseCompIex（ABC）reagent†or30minalRT  
I  

Wash3tirneswithPBSatRT  

I  

ReactwithchromogensoIution（0．05％3．3r－diaminobenzidine（DAB）．0・01％H202  
in50rnMTris－HClbufferedsaline）forlOminatRT  

I  

Washinrunmngtapwaterfor5min  

l  

StainwithGiemsastainfor40minatRTwashinrunningtapwateranddry  

l  

Observebymeansoflightmic「oscopy  

Figurel・ProcedureofimmunocytochemicalstainLngWithVectastain鼎ABCkit・  
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BIoodsmearswerepreparedbybleedingfromthetailveineveryotherday・  
TheimmilnOCytOChemicalstainingmethdshownir）Fig．1［whichwasinaccording  
with Fishleder et al・（1984）with anti－dog erythrocyte antibody（Inter－Cell  
Tbchnologies，Inc．，U．S．A．）andⅥctastain⑧ABCkit（VectorLab．，U．S．A．）］was  
employed to classifythe erythrocytesinto fbur types：nOn－paraSitized mouse  
erythrocyte（NME），nOn－ParaSitized dog erythrocyte（NDE），paraSitized mouse  
erythrocyte（PME）and parasitized dog erythrocyte（PDE）．Ot）Servation was  
terminatedafterobservationofaseriesofatleasttwosmearswithoutPDE，NDE  
andPME．Bothkindsofbloodfromadogandamouse，Ofwhichvolumesand  
erythrocyte counts were measured exact】y，Were mixedin vitro，and then five  

SmearS Were prepared fromit and stained．Approximately two thousands  
erythrocytes were observed on each them and were classinedinto dogrsand  
mouse’serythrocytes．Theresultsweresuitabletotheexpectedvaluesstatistica）1y  

bythete＄tfortheproportion．   
Asshownin Fig．2，NME，NDE，PME and PDE could be distinguished by  

Observations ofboth the brown－COloreddog erythrocytes stainedwith deposited  
DAB（3，3’－diaminobenzidine）andthevisibleparasitesintheerythrocytesshowed  
withGiemsastainlmg・Changesofpercentageofeachclassifiederythrocyte，Which  
WereCalculatedfromathousandobservederythrocytes，inthemiceareshownim  
Fig．3．  

Figure2．Di枇renti且Is血mmg of  
dog且ndmouseeり・throcytes．a：Two  
dog eJYthrocytes are djstinguished  
by their f和Wn COlor，and one of  
them has two organisms（arrows），  
b：Two parasitized mouse erythTO－  
CyteS（arrows）andabrownLStained  
dQgerythrocyteareseen．  
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a）untreatedC57BLmice  
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C）untreatedBALB／C  
mice  

d）untreatedSCIDmice  
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Figure3．Changes of average of T光rCentage Of each erythrocytelype afterinoculation with  
parasitized dog erythrocytes．Each symboIsIlOWS the average ofparasitized mouse erythrocytes  
（PME，－－ムー），ParaSitizeddogeTγthrocytes（PDE，－○一），and non－paraSitizeddogerythrocytes  
（NDE，＋）respectiYelywithstandarde汀Or（5miceineachgroup）・  
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IntheuntreatedC57BLmousegroup，NDEandPDEwereobscrvedonlythe  
firstdayaf［erinoculationlThepeakvalueofPMEwasobservedat3DAl；PME  
COntinuedtodecreaseuntilitcompletelydjsappearedatllDAI（Fig．3a）．Inthe  
dexamethason－treated C57BL mouse group（Fig．3b），Changesin ratio ofeach  
erythrocyte class showed basical1y the same tendency as the untreated C57BL  
group，thoughtheinitialvaluesofNDEandPDEandthepeakvalueofPMEwere  
higherthanthoseintheuntreatedones，anda］sotheexistentperiodofPMEwas  
apparently extended（21days）than thatofthe untreated ones（9days）．Tn the  
untreatedBALB／cmice（Fig・3c），NDEandPDEdisappearedcompletelyfrom  
peripheralblood smears by3DAI・Howeven PME continued toincrease and  

reachedapeakvalueofO・72％at9DAl．IntheuntreatedSCTDmice（Fig．3d），the  
dynamicsofrespectiveclassifiederythrocyteswerealmostthesameastheBALB／c  

m（）uSe grOup，eXCept that the peak value andthe periodin which PME were  
Observedwerel．14％（On7DAl）and17daysrespeCtively．Inthedexamethason－  
treatedSCIDmice（Fig・3e），NDEahdPDEwereobservedtil13DAl，andthepeak  
ValueandtheperiodinwhichPMEwereobservedwerel．64％（on7DAI）and25  
daysrespectively・   

PMEwereobservedina11groupsinthepresentstudy・TheseresuLtsuggeststhat  
B・gibsoniorganisms released from PDE were abJe toinvadeinto the mouse  
erythrocytes・However，in C57BL mice，Which were used as representative of  

OrdinarymicelthepeakvalueofPMEwasobservedonthedaydogeTythrocytes  
hadcpmpletelydisappearedandthenth巳PMEvaluedecreasedgradual1y，SuggeStlng  
thatorganismsreleasedfromdestroyeddogerythrocytescouldonlylnVadejnto  
mouse erythrocytes but not prolif巳rate Or re－invade and weTe destined on】y to  

disappeaL   
IncontrasL，inbothSCIDandBALB／cmice（Whichwereusedasthegenetic  

normalsofSCJDmice），peakvaluesofPMEwereobservedatseveraldaysafter  
COmpleIe disappearance ofdog erythrocytes．Although the erythrocytes holding  
SOmealian substanceshavetoberemovedfromthecirculationmorequicklyin  
general，PMEincreasedtemporarilyratherthandecreasedafterthedisappearance  

OfPDEasnesourceofparasite．Fromthesefinding，itwasconsjderedthatthe  
invadedorganismsintomouseerythrocytescouldnotonlylnVadeandstaytherebut  
aIso proliferate and reinvadeinto other mouse erythrocytes evenifit was  
temporary・Itisknownthaterythrocytemetabolismindogsisdifferentfrommost  

Otheranimals，includingmice（Bernstein1954；Chanetal，1964）．ThelackofNa＋－  
K＋－aCtivatedadenosinetriphosphatase（Na＋－K＋ÅrPase）indogerythrocytesleads  
tolowerconcentrationsofsomecytoplasmicsubstances，Ofwhichuptakedepends  
OnthegradientofNa＋concentrationacrosstheerythrocytemembrane，thanthose  
in erythrocytes of almost other animals havirLg Na＋－K＋ ArPasein their  
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erythrocytes（Maede et al．1983）．Therefore，B・gibsonirnay not need【he  
strlngently sameinternal印Vironment of the dog erylhrocyte to maintain  
仙emselves．   

Dexamethasontreatmenland／oruslngthegeneticcharacterofSCIDprolonged  
thelifespanofPMEinallthemiceexamined・However，nOevidenceofincreaseof  
PMEwasobservedafterdisappearanceofPDEinanyC57BLmouse・Therefbre，  
proliferationandre－invasionmightdependnotonthedexamethasontreatmentor  
the BeneticcharacterofSCID，buton the strainofmouse・Toestablishanew  
infectionmodelofB．gibsonL，OPtlmalresultsmightbeproducedbyfocuslngOnthe  
strain of mouse used rather than on immunosuppression. The staining method 
describedherewouldprovideamewapproachtothestudyoftheinvasionand  
proliferationofB・gibsoniorganismsinnon－SPeCinchostanimals，anditmaybe  
possib）e that the mouse，a Very COnVenient and usefullaboratory animal，is a  
Candidate（OSubstitutefbrdoBSinthestudyofcaninebabesiosis・   
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