
J・Pr仙）′DO】．Rcs．、b，一もー51ll㈱）  

C明γrJg力将Jp9d．㌢力～鮎∫ど〟rr力〔ビ〃Je′♪r伽厩0α〃〟bJどr〟血rJ肌用〟〝〃んフg．〉，  

Hepatic Oxidative Stress and Antioxidant Defenses 

DuringChloroquine－ResistantandSensitivePlasmodlumbeTghei  
Iれfe⊂donin Mi⊂e  

PRArlMA SRTVASTAVA AND VIKAASH C．PANDEY  

β＝右わ〃けrβ加如′〃由りCビ〃r和才βr噸〝ピぶピ（肌，ん／那J如才β．⊥〟Cた乃州－ノ，／∧Ⅵ掴．  

Rec亡i、edさ10c10b仁一】り96．′Ac亡ePledヱトebrtl且rylりq7  

Ke）’WO山s：m油Ir亙Ⅲ紳佃血冊反劇症chlor叫血糾戚弛札止lor（叫l】lnC－S印Silivc，OXi血tiヽ・C血¶a酢、  

ゝLIP仁rl】ヽidcscal℃llgmgS）Ste肌  

ABSTRACT  

Comparative study on hepatic oxidative stress and antioxidant defbnse  
SyStemS Ormiceinfbcted with chloroquine－reSistant（CQ－R）or chloroquine－  

SenSitive（CQ－S）P［asmodiumbefgheiK）73s（rainrevealedthatPbeT苫heiCQ－S  

Straininfectionmakesthemicemorevu1nerabletooxidativedamageascompared  
toPbe17；ht・iCQ－Rstraininfection・Thelevelsofsuperoxide，1ipidperOXidation，  
glutathione and xanthille－OXidase were slgnificant］ylnCreaSed whi］e，SuperOXide－  
dismutaseandcatalaseshowedamarkeddecreasedurirlgCQ－SPbelgheiinfection  
WhencomparedtoCQ－RPbeTghei・infectedhost．   

INTRODtTCTION  

Reactjve oxygen species（ROS）play animportant rolein causing  

deterioration of biosystem・Free radjcals particularly oxidant speCies such as  
SuPerOXideanion，hydrogen－perOXideandhydroxylradicalsareimplicatedinthe  
Changes associated with a growing number of diseases（Pryor1984）．Activ  
OXygen SpeCleS are ubiqu】tOuSinlivlng things，butthe presence ofanarray Of  
antioxidaLlt defenses．Any alterationin the balance between the proxidant and  

antioxidantin the former sideleads to oxidative stress or tissue damage（Sies  
1985）．  

Ithasbeenobservedthatduringparasiticinfections，thelevelsofoxidative  
StreSSin the hostincrease，Which can be detrimentaltoitselfor the parasite  
（Ha】1iwelland Gutteridge1984）・If theincurred oxidative damageis being  
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neutralizedbythepathogenicorganism（byanti，OXidantdefenses）thenitbecomes  
easierforthesurvivaloftheparasitewithinthehostorvEce－VerSa・Malariacauses  
increasedROSgenerationinhost，Whichmaylnturnaffecttheparasite・Clarket  
al（1984）haveattemptedanonconveTltionalchemotherapybytheproductionof  
increasedROSinhostforeradicationofmalarja．Thisenhancedoxidativestressis  
however，nOrmalLy encountered by the plasmodiaallow）ng Lt tO SurVive and  
possiblymayshareintheacqulSitionofresistance・Reportsconcemedwiththe  
abovevieware basica11ycenteredindepictlngthestatusofplasmodiainfected  
erythrocytes（Clarketal・1989）・  

ThepresentinvestigationsareaimedtounveiltheeffectofZ”efghei（CQ－  
RandCQ－S）infectiononhepaticsuperOXideformationandit’sscavengingsystem  
in mice withtheview to tlnd the roleofhostin helping theparasitesin the  
acqulSitionofresistance・   

MATERIALSANI）METHODS  

均叩血朗血如肌肌拍m血  
Colonybredalbinomice（Swissstrain）weighingabout20－25gm，freefrom  

infectionandmaintainedinanairLCOnditionedroom（temperature25±1Oc）were  
used．Mice wereinoculated with either chloroquine－SuSCeptible（CQ－S）or  

ch）oroquine－reSistant（CQqR）P beTghei－infectederythrocytes（Purietal・1979）  

andtheparasitemiawasmonitoredfromday3postrinfectioninGiemsastrained  
bloodsmears．   

鮎明海即甲釧加汎  

Animalsofallsetsweresacrificedandhomogenizationoflivercarriedout  
aspreviouslyreported（Srivatavaetal▲1991）・Liversfrom3matchedanimalswas  
pooled for each set of analysis・Fractionation of homogenate was done by  
differentialcentrifugation；60Og，10min：SuPernate Of post－nuClear fraction；  

10，000g，20min：Supernate Ofpost－mitochondrialfraction；105，000g，60min＝  
cytosolic supernatant. All the procedures of tissue homogenization and 
fractionationwerecarriedoutatO－4±1Oc．   

・lい－リハト‥tJりハヾ  

SuperOXideanionwasestimatedfo1lowlngtheappearanceofadrenochrome・  
as a consequence of oxidation of eplnePhrine at480nm，uSlng eX▼COeff・  
4020M－1cm－1（Greenetal，1955），SuperOXideandlipidperOXidation（Utleyetal・  
1967）weremeasuredinwholehomogenate．Xanthineoxidasewasassayedinthe  
cytosolicfractionandtheactivltyeXPreSSedinlO－5匹Mofxanthineoxidizedmin1  
（mg protein）（McCordandFridovich，1960）・Superoxide－dismutase（SOD）was  
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assayedinpartially p11rifiedll，000g supernatant（Kakkaretal．1984）．Activity  
WaSeXpreSSedasunits（mgprotein）－1beingtheamOuntOfenzymerequiredto  

inhibittherateofchromoBenPrOductionby50％・Catalasewasassayedinwhole  
homogenaTe（Sinha】972）．Glutathionelevelwasmeasuredat412nm（Meisterand  

Anderson1983）in whole homogenate after standard calibration．Glutathione－  
reductase（Racker1955），glutathion叩erOXidase（Milles1959），and glucose－6－  

phosphate dehydrogenase（DeMoss1955）were analyzedin the post－nuClear  
fraction（SupernateOf600gfraction）usinganex．coeff．6．22x106M‾1cm‾1ineach  
CaSe・Activity was expressed as units（mg protein）r】．protein was estimated  

accordingto【hemethodofLowryetal（1951）usingbovineserum albuminas  
standard．  

RESlTlノrS  

Acomparativestudyonhepaticoxidativestressandanti－OXidantdefenses  

WaSCarriedoutduringCQ－RandCQ－SPbe曙heiinfectioninmice．Theresu）ts  
Obtainedshowedageneralizedtrendofenhancementintheoxidativestressindices  
Viz・SuperOXideanion，1ipidperOXidationandxanthine－OXidase・Onthecontrary，  

the anti－OXidant defbnseindices viz．SOD and catalase were progressively  

decreasedwithincreasingparasitemiaduring CR－QandCQ－SP belgheistrain  
infection whencomparedtonormal．Hepaticsuperoxideanion（25％）肌dlipid  

PerOXidation（58％）registered a marked decrease，Whereas SOD（76％）and  

Catalase（39％）showednoticeableincreaseatpeakparasitemia（＞50％）duringCQ－  
RPbeT苫heiinfectioncomparedtoCQ－SPbergheiinfectioninmice（Fig．1）．  

Glutathione－OXidant defense systemindices viz・Glutathione，glutathione  
peroxidase，glutathione－reductase and glucose－6－phosphate dehydrogenase were  
Signincantlyincreasedwiththe risein parasitemia during CQrRand CQ－S  
beTgheiinfectioninmicewhencomparedtonormal．Therewasanenhancement  

Of16，38，15，and13％in Glutathione，Glutathione－perOXidase，Glutathione－  
reductaseandglucose－6－Phosphatedehydrogenaseatpeakparasitemia（＞50％）due  

toCQ－RPbe曙heiinfecticncomparedtoCQ－SPbe曙heiinfectioninmice．（Fig．  

lI．  

DISCUSSION  

Increased oxidative stress andit■s decreased defenses are theinevitable  

processduringthepathophysioIogyofanydisease．Severalreportsexistaboutthe  
increased oxidative stressin plasmodiainfected erythrocytes．Recendy，We  
reported thatduringCQ－SP beTgheiinfectionin mice（Srivastavaetal．1991），  

thereisincTeaSed hepatic oxidative stress and decreased antiLOXidant defenses，  
however，thearea remains almost barreninpresentlng（hestatusofhosthepatic  
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Fig－】Acomparativestudyo．1hepaticoxidativestressandantiLOXidantdefenses  
wascarriedoutduringCQRadnCQ－SPla∫mOdiumbergheiinfectioninmiceL  
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SuperOXidegeneratingandscavengingsystemduringCQ－RPbeTgheiinfection．  
ThepreselltObservationsdepictthatCQ－RP．bergheistraininfectionmakes  

the hostless vulnerable to oxidative damage compared toitrs susceptible  
COunterpart・Thedecreasedhepaticoxidativestress（superOXide，1ipidperOXidation  
and xanthine－OXidase）andincreased anti－OXidant defenses（SOD and catalase）  

during CQ－R P befgheiinfection mak巳S favorable condition for the better  
SurVival and propagation of resistant ParaSites・In other words，1ess ROS  

generationandmoreofit●sdismutationallowstheresistantparasitesto、SurVivein  
thehostinfbctedwithCQ－SPbe7gheicomparedtoitrssusceptibIecounterpart．  

Thestudyfurtherindicatesthatincaseofresistantstraininfectedhost，the  
parasite may re］ease some factorwhichin turn cause activation of the host  
immuneresponse（Jayshreeetal．1989），yieldingintheelevationofanti－OXidant  
defensesystem，Whichmaybeessentialforthebettersurvivaloftheparasite・1n  
fact，the resistant parasitesalter the host metaboIism according to their own  

requlrement，SO that they could thrive and propagate with ease，eVenin the  

PreSenCeOfhigherdossierofantimalarialtreatment．   
Inconclusion，theauthorsemphasizethatthehostalsoplaysacontrib11tOry  

rolein maintainlng the resistance of malarialparasites．The study could be  
helpful，ifsomehoworother，thea）terationsinthesuperoxidescavenglngSyStem  
duetoCQ－RPbergheiinfectionmaybeequalizedtoit－ssusceptiblecounterpart，  
WhichinturnmightmaketheresistantParaSitevulnerabletoROS，reSultinglnan  

easyeradicationbyantimalarialtreatment．   
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