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Abstract

Theeffectofultravioletirradiation(UV)onmotilitymorphology,reproduction,infectivity，
andvaccinepotentialofLejs""zα"ねｄｏ"owJ"Jwereinvestigated・ExposureofL．‘o"ovα"J
promastigotestoUV-irradiationfbr20minutesorlongerwasnecessarytoimmobilize
immediatelyaUtheorganisms，ｗｈｅｒｅａｓｅｘｐｏｓｕｒｅｆｂｒａｓｓｈｏｒｔａｓ４０ｓecondspreventsthem
fromcausingmfection・LivepromastigoteschaUengeofhamstersimmunizedwithpromastigotes
exposedtoUV-irradiationfOr40or50secondsresultsinsterileimmunity・Hamstersreceiving
apreviousintraperitonealinfectionwithpromastigotesexposedtoUV-irradiationfbrl-5
minutesshowedsignificantlylowernumbersofvisceralparasitesafterchallengethancontrol
animals・PromastigotesexposedtoUV-irradiationfbrlOminutesorlongerfailedtoprovide
hamsterswithanyprotectionagainstchallengeinfection・ＴｈｅeffectofexposuretoUV-
irradiationoninfectivityofL・血"ＯＷＩ"Jwasfirststudied・
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occupiedtheattentionofinvestigatorsfbrlong

time，onlylimitedsuccesshasbeenachievedin

protectinggoldenhamstersbyinoculatingthem

withliveorganismsintracardially(Stauberejα/、

1958)orsubcutaneously(Farrell,1976).Onthe

otherhandA1-Qubaisi(1980)failedtoobtamany

protectioninhamstersbysubcutaneousinocula-

tionwithlivenormalpromastigotestochallenge

infection・However,IlardieMﾉ.（1974)reported

thatimmunizationofhamsterswithX-irradiated

promastigoteofL・ｄｏ"ovα"jdelayspatencyof

challengeinfection，asmeasuredbythe

appearanceofsplenicamastigotes・

hviewoftheseconsiderationandofthepro-

misingresultsobtainedinrodentsbyprevious

inoculationsｗｉｔｈＵV-irradiated77ypα"osoma

rhod巳sje"Ｓｃ(CharoenvitandCampbell，1981)，

Ｔ':ypα"osomaevα"sｊ（Farag，1986）ａｎｄ

Ｅｃ"/"ococc"ｓｇｍ""ﾉCs"ｓ（MolanandSaeed，

1988)，thepossibilityofproducingeffective

immunizationingoldenhamstersagainst

Leishmα"、ｄｏ"ovα"jbythismethodwasin-

vestigate｡、Inaddition，theeffectofUV-

irradiatedonmotihty,morphologyandinfectivity

ofL.。ｍｏｖａ"Jpromastigotestogoldenhamsters

wasalsoinvestigated・Ｔｈｉｓｔｏｏｕｒｋnowledgeis

Introduction

Kala-azarorvisceralleishmaniasisisan

endemicdiseaseinlraq(Bashir,1954;Taj-Eldin

andAl-Alousi，1954;Sukkar，1986)andabout

fivethousandpatientsbeingreportedeveryyear

(Sukkar,1985).Ninetypercentofthepatientsare

withinthefirstthreeyearsofageandfromboth

urbanandruralareas(NouriandAl-Jeboori，

1973；SukkareML，1984)．

Thecaustiveagentofthisdiseaseisanobhgate

intracellularprotozoａｎｐａｒａｓｉｔｅｃａｌｌｅｄ
Ｌｅな""、"ｍｄｍｏｖα"jwhichinfectscellsofthe

reticuloendothelialsystem・Theorganisms
transmittedfromonevertebratehosttotheother

bysmallbittingHiesbelongingtogenus
Pmebotomus、

Visceralleishmaniasisingoldenhamsters

resemblesthehumandisease(Stauber,1955Lso

thehamsterseemstobealogicalexperimental

modefOrstudiesofacquiredresistanca

Althoughthepossibilityofproducingeffective

mnmunizationagainstvisceralleishmaniasishas

、"αrmze"/q/Ｂｊｏﾉog〕/,ＣＯﾉﾉﾋﾞgeq/Ｅｄ"caZjo",Ｕ、ﾉelm)ノ

q/ｓα/αhα〃ｊ",ＡｒｂｊＭｍ９
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thefirststudydealingwiththeeffｅｃｔｏｆＵＶ‐
irradiationonLeishmα"、伽"ovα"Ｊ、

●

ExperimentL

EffectofUV-irradiationonmotilityofpro-

mastigotesｉ〃Ｗｊｒｏ・Promastigoteswereexposed

toUV-irradiationfOrvaryinglengthsoftime(2,

4,6,8,10,12,14,16,ａｎｄ２０ｍｉｎ).Samplesof

Olml（100-ZOOpromastigotes)wereremoved

fromtheexperimentalpetridishes,andexamined

underthemicroscopel,２，４，６，and8hoursafter

irradiation・Thenumberofpromastigotesim-

mobilizedbyirradiationisexpresseｄａｓａｐｅｒ‐

ｃｅｎｔａｇｅｏｆｔｈｅｔｏｔａｌｎｕｍｂｅｒｉｎｔｈｅｓａmple．

MaterialsandMethods

SourceandMaintenanceoforganismｓ

ＡｓｔｏｃｋｏｆＬｅＭｍα"ｊαｄｏ"ovα"ｊ(ＢＲＣ１)，

isolatedinl98ZbybonemarrowaspirationfTom

oneyearoldgirl(fromBaghdadprovince),was

receivedml987mgoldenhamsterfromScientific

ResearchCouncil,BaghdadTheorganismswere

routinelymaintainedingoldenhamsters､Form

vjjrocultivation,ｗｅｕｓｅｄＮＮＮｍｅｄｉｕｍ､Inorder

toavoidvariationinvirulenceduetodifferences

inthegrowthphase,allpromastigoteswereob-

tainedfromthethirdsubcultureonthesixthday

whenthegrowthwasatitspeakCollectedpro-

mastigoteswerepelletedbycentrifUgationfOrlO

minutesatlOOOrpm,thesupematantwassucked

offandthepelletwashed3timeswithsterile

Ｌｏｃｋ，ssolutionandthenthepelletwas

resuspendedinfreshLock'ssolutionThe

methodsofparasiteenumerationintheculture，

spleenandlivertissueswereaspreviouslydes-

cribed.（StaubereM/､，1958；Stauber，１９６２)．

Experiment2・EffbctofUV-irradiationon

reproductionofpromastigotesj〃ｖ"わ．

Sevenbatchesofpromastigotesweredispensed

inpetridishes，eachofwhichcontainedlO×

106promastigotesper3mlofsterileLock，s
solutionandexposedtoUV-irradiationfbrO,１，

２，３，５，１０and20minutesrespectively,andthen

theirradiatedpromastigotesweretransferredmto

freshNNNmeｄｉａＣｖailsfbreachexposure

time).Thecultureswereleftatincubator(25.Ｃ）

andexaminedonceeverytwodaysfbrreproduc-

tionandtheresultsareｓｈｏｗｎｉｎＦｉｇ」．

Experimentalanimals

Goldenhamsters(〃巳socl9jcE伽α"Ｍ"s)were

obtainedfromtheScientificResearchCounciL

Baghdad・A11experimentalinfectionswere

initiatedusingmale，random-bredhamstersof

approximately8weeksofage・Theanimals

receivedwaterandpellｅｔｆｂｏｄａｄ肋andfresh
carrotsorcucumberonceaweek．
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Irradiationofpromastigotes

Thesourceofirradiationwasultravioletlamp

of2537AobtainedfiFomPhywecompany(Ｗｅｓｔ

Germany).Asuspensionof500×１０６－６００×
l06promastigotesin5mlLock,ssolutionina
glasspetridisheswiｔｈ５ｍｍｄｅｐｔｈｗａｓｅｘｐｏｓｅｄ

(atroomtemperature，２２±２°Ｃ）toUV-

irradiationatadistanceof5cmfromthelight

sourcefbrvaryinglengthsoftime・Thedistance

waskeptconstantfbrtheexposureinalltheex-

periments､ＴｈｅＵＶ－ｔｕｂｅｗａｓｓｗｉｔｃｈｅｄｏｎｆＯｒｌＯ

ｍｉnutesbefOretheexposureofpromastigotesin
ordertoobtainevenemissionradiation．

２．６６OＩＯ１２１４１６

ＤＱｙＢｐｏｓｔｉｎｏｃｕＩｏＩｉｏｎ

Ｆｉｇ．１．PopulationgrowthofcontrolandUV-irradiated
LejF/ｚｍＱ"/αｄｏ"ｏｖＱ"ノｉｎＮＮＮｍｅｄｉｕｍａｔＺ４ｏＣ．
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Experiment3・EffectofUV-irradiationon

infectivity

Twenty，８－１０weeksoldmalegolden

hamsterswereallocatedintofiveequalgroups・

TheanimalsinthefirstfOurgroupsweremfected

withlOO×１０６promastigoteswhichhadbeen
exposedtoUV-irradiationforlO,２０，３０and40

secondsrespectively，ｗhilethoseofthefifth

groupswereinfectedwiththesamenumberof

nonnalnon-irradiatedpromastigotestoserveas

controls・Fortydayslater，aUtheanimalwere

sacrificedandtheweightsofspleen，liverand

spleenlengthwererecordedforeachanimaland

impressionsmearswerepreparedfromthespleen
andliverofeachanimalandstainedwith

Giemsastain,Theresultsofthisexperiｍｅｎｔａｒｅ

ｓｈｏｗｎｉｎＴａｂｌｅ２ａｎｄＦｉ9．２．
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Experiment4、Evaluationoftheprotectionin-

ducedbyUV-attenuatedL，ｄｏ"owmJpro-

mastigotesinhamsters

Fortyeightmalehamstersweredividedinto

eightequalgroups・Theanimalsoffirstgroup

injectedintraperitoneallywithlOO×l06pro-
mastigoteswhichhadbeenexposedtoUV-
irradiationfOr40seconds・Thoseoftheother

groupswereinjectedwiththesamenumberof

promastigotewhichhadbeenexposedtoUV-

irradiationfor50,60,70,100seconds,５，１０，and

l5minutes・Twentydayslater，all48hamsters，

togetherwith6previouslyuninfectedhamsters，

ｗｅｒｅchallenged,ｐｅｒｏｓ，ｗｉｔｈ２０×１O6normal
promastigotesanddissected40daysafter

challenge､Weusedthemeannumberofsplenic

amastigotesasthesoleparameterfOrevaluation

ofthevaccinepotentialofUV-attenuatedpro-

mastigotes、Theresultsofthisexperimentare

sｈｏｗｎｉｎｆｉｇｕｒｅ３．

Ｆｉｇ．２．Spleenparasitizationduringinfectionwith

LeMmα"ｊＱｄｏ"ＯＷＩ"jincontrolhamsters(■)and

hamstersinfectedwithpromastigotesexposedto

UV-irradiationfbｒｌＯ（Ⅱ),２０（曰),３０（□）ａｎｄ

４０（－）seconds．
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Results

Ｆｉｇ．３．Spleenparasitizationduringachallenge
Lejs""7α"ｊａｄＯ"ｏｖα"ノinfectionincontrolhamsters

（■）andhamsterspreviouslyinfectedwithpro-

mastigotesexposedtoUV-irradiationfor40(－)，

５０(－),６０（皿),７０（曰),１００（田),３００（囲),６００

（曰)，ａｎｄ９００（□）seconds．

Experimentsland2

ncanbeseenfromTablelthatexposureof

thepromastigotestoUV-irradiationfbr20

minutesimmobilizesallorganismsimmediately，

but6hrswererequiredtodosimilareffectwhen

thepromastigoteswereirradiatedfbr8minutes、

Shorterexposuretimeshadprogressivelyslower

(3)
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exposedｔｉｍｅ，themoreabnormalities、The

abnormahtiesseenincludedshrinkage,rounding，

ballooning,lossofflagella,possessionoftwoor

moreflagella，multinucleation，andvaculation．

TableLEffectofultravioletirradiationonmotilityof

Lejshmα"ｊａｄＯ"ovα"ノpromastigotesmv"わ
●

％Immobilizationatvariotstimes
afterirradiationExposure

time(ｍin）
lｈｒ ２ｈｒ ４ｈｒ ６ｈｒ ８hｒ

Experiment3・

ＩｔｃａｎｂｅｓｅｅｎｆｒｏｍＴａｂｌｅＺｔｈａｔｔｈｅｉｎtra‐

peritoneallyinoculatedhamsterswithpromasti-

gotesexposedtoUV-irradiationfOr30seconds

orlongershowedsignificantly(Ｐ＜0.01-0.001）

lowerweightsinliverandspleen，andsignifi-

cantly（Ｐ＜0.01-0.001）lessinspleenlength

thantheircounterpartsinfectedwithnon-

irradiatedpromastigotes・Exposureofpro-

mastigotesfbr40secondstoUV-irradiation

rendersthemnoninfectivetohamsters，ａｓｎｏ

ａｍａｓｔｉｇｏｔｅｓｈａｖｅｂｅｅｎｓｅｅｎｉｎｔheimpression

smearspreparedfromtheliverandspleenof

theseanimalsandnopromastigoteshavebeen
fbundintheculturesincubatedatZ5oCwhich

hadbeeninoculatedwithbiopsiedliverand

spleenoftheseanimals・Theseanimalsalsq

showedapproximatespleenandhverweightsand

spleｅｎｌｅｎｇｔｈｔｏｔｈｅｓａｍｅｏｒｇａｎｓｏｆｔｈｅｎｏn-

infectedcounterparts・Student，ｓ“t，,testindicated

thatthemeannumberofsplenicamastigotesin

thehamstersinfectedwithpromastigotes

irradiatedforlO，２０，or30secondswere

significantlydifferentfromthecontrols,infected

withnormalnon-irradiatedorganisms

(Ｐ＜0.001)．
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andlesssevereeffects、

TheeffectofUV-irradiationonthereproduc-

tionofpromastigotesispresentedinFig・L

OrganismsexposedtoUV-irradiationfbr3min

orlessreproducedandgraduallyachievedhigh

populationdensities・Theslightincreasein

populationseeninorganismsexposedtoUV-

irradiationfbr5minorlongermaybeeitherdue

tocompletionofdivisionsthathadstartedprior
toirradiationorduetothereversionoftheradia-

tiondamage・AUorganismsexposedtol5min

orlongerlosttheirabilitytoreproducedMor-

phologicalabnormalitiesi、theirradiated

organismswereobservedandtheirnumberwas

proportionaltotheradiationdose:thelongerthe

Table２．Theeffectofultravioletirradiationontheaveragespleen，liverweightsand
spleenlengthofhamsterinfectedintraperitoneallｙｗｉｔｈｌＯＯ×106ＬＣＭ、α"Jα
ｄｏ"ＯＷＩ"Jpromastigotesandkilled(40)dayspostinfection

Exposur
time（sec）

Ｎｏ．ｏｆ

aｎｉｍａｌ

Ｍｅａｎｌｉｖｅｒ

ｗｔ．（9ｍ）
±ＳＤ

Ｍｅａｎｓｐｌｅｅｎ
ｗｔ．（9ｍ）
±ＳＤ

Meanspleen
length（c、）

±ＳＤ

６．２５±０．４６

５．６２±０．５３

５．４５±０．２３

５．２４±０．２９

５．２２±０．４６

０．１９±０．０４

０．１６±０．０５

０．１２±０．０２４

０．１１±０．００８８

０．１０±０．０５
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control

lOSecj

20Sec.＊

３０sec.＊

４０sec.＊

＊Ｐ＜0.05-0.OO1Vcontrolbystudent'st-test、

TNotsignificantVcontroL

(4)
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andSaeed，1988)．

ExposureofL、ｄｏ"owJ"JpromastigotesfOr

asshortas40secondstoUV-irradiationprevents

theorganismsfromcausinginfectiontogolden

hamsters・Similarly，CharoenvitandCampbell

(1981）reportedthatexposureofTrMα"osoma
r力odBsje"setoUV-irradiationforoneminute

rendersthetrypanosomesnon-pathogeniQFarag

(1986）demonstratedthatexposureof

Trypα"ｏｓｏｍａｅｗＪ"sノtoUV-irradiationfbr30

secondsabolishestheinfectivityofthese

organismstomice

Thepresentresultsrevealedthatthepro-

mastigoteｓｅｘｐｏｓｅｄｆＯｒ４０ｏｒ５０ｓｅｃｏｎｄｓｔｏＵＶ‐

irradiationwereveryactivelymotiｌｅｂｕｔnon-

pathogenictogoldenhamstersandconferred

lOOo7bprotectionagainstthechallengeinfection

ofnormalnon-irradiatedpromastigotes・

SimilarlyCharoenvitandCampbell(1981)found

thatimmunizationofmicewithnypα"osoma

rhod巳,ｊｅ"正exposedtoUV-irradiationfbr２，５，

orlOminutesresultsinsterileimmunity・

Althoughitisdifficulttocomparedifferenthost

parasitesystem,ourresult'salsoagreewiththose

ofKatiyere/α/､（1968)whoobservedthatsub‐

cutaneousinjectionofMPPoWollg〕'伽blus肱〃

sjswhichhadbeenexposedtoUV-irradiation，

gavecompleteprotectionagamstachallengedose

ofnormallarvae・Alexander(1982)andHoward

eM.(1982)havemadeuseofgammairradiated

organismsbothpromastigotesandamastigotes

ofLeな伽α"jmrOpjcqorLmq/orinthemouse

andobtainedmarkedprotectiontoreinfection、

ItshouldbenotedthatLemma＆Ｃｏｌｅ（1974）

attemptedbutfailedtoobtainprotectionwith

UV-andgammairradiatｅｄＬｅ応力"zα"Ｊｑｅ"r花汀ｊ

ｉｎｔｈｅｇｕｉｎｅａｐｉｇ

Ｔｈｅａｂｓｅｎｃｅｏｆｖｉsceralparasitesinhamsters

immunizedwithpromastigotesexposedtoUV-

irradiationfOr40or50secondsandthesignifi-

cantdifferencesinvisceralparasiteslevels

betweenotherimmunizedandcontrolhamsters

suggestthepossibilitythatimmunizedhamsters

possessactivatedmacrophagesintheirvisceral

organssuchasareknowntooccurduringinfec-

tionwithotherintracellularorganisms

(MackanessandBlanden，1967；Mackaness，

Experiment4

Asthepreviousexperimentsshowedthatthe

shortestexposuretimethatrendersthepro-

mastigotesnon-pathogenicwhiletheyarestill

activeandcanreproducemvjかois40seconds，

therefbre，４０seconds-15minuteswascon-

sideredtobetheattenuatingexposurerange・All

thehamstersinoculatedintraperitoneaUywithａ

ｓｉｎｇｌｅｄｏｓｅｏｆｌＯＯ×１０６promastigoteswhich
hadbeenexposedtoUV-irradiationfor40or50

seconds，wereabletodevelopsterileimmunity

againstachallengeinfectionof２０×１０６１ive
non-irradiatedpromastigotesasevidencedbythe

disappearanceofsplenicamastigotesintheim-

pressionsmearspreparedfromthespleenofthese
animals・

Hamstersimmumzedwithpromastigotesex-

posedtoUV-irradiationfｏｒ６０，７０，１００seconds

and5minutes,andchallenged20dayslaterwith

nonnalpromastigoteshadmeanspleenparasite
burdensofl22.66±６．９，１３７．２±１１．４，１７8.3

±11.39ａｎｄ229.4±１２．６respectively(Fig.３)．

Thedifferenceinspleenparasiteburdensofthese

animalsandcontrolhamsters(252.7±17.8)was

statisticallysignificant(Student，st-testP＜０．０２

－０．００１).Themeanspleenparasiteburdensof

hamstersimmunizedwithpromastigotesexposed

toUV-irradiationfbrｌＯａｎｄｌ５ｍｉｎｕｔｅｓ(234.2

±１２．３ａｎｄ242.4±１４．５respectively）and

challengedwithnormalpromastigotes,wasnot

statisticallydifferentfromthoseofthecontrol

non-immunizedanimals(Ｐ＞0.05)．

Discussion

Ｆｒｏｍtheresultsitappearsthatexposureof

thepromastigotesofLeZshmα"ｊａｄＯ"ovα"jto
UV-irradiationfOr20mmutesimmobnizesallthe

organismsimmediately,whilepromastigotesex-

posedtoUV-irradiationfOrl5minutesorlonger
failedtoreproduceintheculture・Thedamaging

effectofincreasingtimeofexposuretoUV-

irradiationseeninthepresentstudyissimilarto

thatreportedbymanyauthorsonotherparasite

species（StankieweizeM/､，1970；Ｌｅｍｍａａｎｄ
Ｃｏｌｅ,1974;GhandourandWebbe，1975;Bezubik

andWedrychwicz，1976；Molan，１９８３；Molan

(5)
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fbrextremelyhighradiationdose，immuno-

genicitymaybedamaged・However，Duxbury

andSadun(1969),workingwithTXmodBsje"se

atveryhighradiationdoses，fbundthathigh

radiationdosesproducedlesseffectiveimmune

responsethanlowerdoses・KuhanandCassida

(l98Dshowedthattheuseoflivingparasitesof

mclwZj(untreatedorattenuatedwithmitomycm

c)provedmosteffectiveininducingcytophilic

antibodiesthanuseofkilledparasites・Coutinho

(1955)andKretschmar(1965)triedbutfailedto

vaccinatequineapigswithheat-killedpro-

mastigotesofLeis/ｉｍα"Ｊｑｅ"r疋汀ﾉﾉ．

Inconclusion,thepresentstudyindicatesthat

thegoldenhamstercanexhibitacquiredresistance

toanintraperitonealinducedinfectionwithL・

ｄｏ"ovα"Jpromastigotesthroughpreviousex-

posuretointraperitonealinfectionwiththesame

organismswhichｈａｄｂｅｅｎｅｘｐｏｓｅｄｔｏＵＶ‐

irradiationfOrvariousperiods．

1969).Furthermore,Ｈｏｗａｒｄｅｍﾉ.（1982)ina

studyofsusceptiblemicewhichtheyprotected

byimmunizationwithirradiatedorganisms，

foundthatonlyhumoralresponseswere

stimulatedbytheinactivatedorganisms，They
alsomentionedthatthecell-mediatedimmunity

didappear，butonlyafterchallengewithliving

organlsms・

ＰｒeviousattemptsatimmunizationagainstL、

do"oyα"jinthehamsterhaveyieldedprimary

negativeresults(Stauberem/､,1958;Al-Qubaisi，

1980)orpartialimmumty(Farrell,1976).hthese

studies,anintracardialorsubcutaneousrouteof

inoculationofliveamastigotesorpromastigotes

wasusedamethodofattemptedimmunization、

Itisprobablethatthedirectintravascularorsub-

cutaneousadministrationofparasitesdoesnot

induceorinduceweakacquiredimmunity，

especiallyifcell-mediatedimmunity,ratherthan

humoralimmunityplaysaroleinprotection

againstvisceralleishmaniasis・Inaddition，a

severechallengemayovercomeaweakimmumty
whichwouldbesufficienttoenablethetest

animalstowithstandamilderchallengingdose・

UV-irradiationseemstobemoreeffective

thanX-irradiationasimmunizationofgolden

hamsterswithX-irradiatedL．‘o"ＯＷＩ"Jpro-

mastigotes(Ilaradi,αα/､，1974)onlydelaysthe

patencyofchallengemfections,wmlemourstudy

immumzationofhamsterswithpromastigotesex-

posedtoUV-irradiationforshortperiodslead

tothedevelopmentofsterileimmunityagainst

challengeinfectionwithnormalpromastigotes．

Ｘ‐irradiationmaycausesseveredamageorkills

thepromastigotes・Itappearsthattheorganisms
mustsurviveandreactwiththehostscellsfOr

considerabletimebeforethehostacquiresde-

tectableprotectivecellularimmunity(Brayand

Bryceson，1968；Brycesone／α/､，１９７０；Ｌｅｍｍａ

ａｎｄＣｏｌｅ,1974).Inthesestudies,boththeheat‐

killedandradioattenuatedorganismsmaydie

outbefOrethehosthasenoughtimetobuildup

protectiveimmunity、Similarly，inthepresent

studywefbundthathamstersimmunizedwith

promastigotesexposedtoUV-irradiationfOrl5

minutesfailedtobuildupprotectiveimmunity

againstchallengeinfectionJtmayexpectedthat
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