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Fig．5lCa2＋］iChangeinCAlisdifrerentfromthatinCA3（Correcteddata）．

Notethatduring14－20minreperfusion，thelCa2＋］iincreaseinCAl（A）wasstatisticallylarger（p

＜0．05）thanthatinCA3（B）．

Comments

InCAl，butnotinCA3，tranSientforebrainischemiainducedlonglastlngCa2＋increase

insitu，WhereasitproducedsimilarCBFchangesintheseregions．SincethelCa2＋］i

increasewasslgnificantlylargerinCAlduringreperfusionperiod，itmightreachto

toxiclevelsandthenmediatethevulnerabilityofCAlagainstischemia．Finally，We

emphasize：1）the effbct ofischemia should be carefully analyzedinthe study of

intravitalfluorescenceimaging；and2）ourmethodusingmicrosphereisusefu1．
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Monitoring of singlet oxygen fbr the experimental

Photodynamictherapyofthegliomainrats

Summary

Singletoxygen（102）generatedinphotodynamictherapy（PDT）playsaveryimportant

roletokillthetumorcells．Usinganewnearinfrared－Photomultipliertube（NIR－PMT）

system，WemOnitoredthereal－timeproductionoflo2duringPDTandinvestlgatedthe

relationshipbetweenthelo2PrOductionandphotodynamiceffbcts・WeperformedPDT

using5－aminolevulinicacid（ALA），in9Linvitrogliomacellsandinratsubcutaneous

invivo9Lgliomamodel・Wemonitoredlo2generationuslngNIR－PMTsystem，and

basedonthelo2mOnitonng，Weinvestlgatedtherelationbetweenlo2PrOductionand

photodymamiceffbcts・Wecouldobservethetemporalchangesoflo2PrOductionduring

PDT・Atalowfluenceratethelo2Signalgraduallydecreasedwithalowpeak，Whileat

ahighfluence rateit decreasedimmediatelywith a highpeak．Consequently，the

cumulativelo2at・alowfluenceratetendedtobehigher，Whichinducedastrong

Photodymamiceffbct．Alowfluenceratetendedtoinduceapoptoticchange，Whilea

highfluenceratetendedtoinducenecroticchange．Theresultsofthisstudysuggested

thatthemonitorlngOflo2enablesustopredictthephotodymamice飴ctandthenallows

ustoselecttheoptlmallaserconditionsforeachpatient．

Keywords：

glioma，5－aminolevulinicacid（5－ALA），aPOPtOSis，neCrOSis，Photomultiplier
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Introduction

Photodynamic therapy（PDT）is very useful fbr severalkinds ofcancers．PDTis

Performed uslng a Photosensitizer，Whichis selectively taken up and retained by

neoplastictissue．Whenactivatedbyalaser，thephotosensitizercausesdirectcelldeath

bygeneratingsingletoxygen（102）（WeishauptKRetal．1976；SchweitzerCand

SchmidtR2003）．Ifdetectinglo2is possible duringPDT，We mightbe able to

determinetheoptlmalconditionofeachphotosensitizer・Ingeneral，102generatedby

PDT undergoes radiant decay，thus resultingin emission at1270－nmlight

（Near－infraredluminescencedetection）（KrasnovskyAA，Jr．1998）．Forthedetectionof

near－infraredluminescence，aneWNIR－PMTsystem（H9170－45，HamamatsuPhotonics

K・K・，Hamamatsu，Japan）hasrecentlybeendevelopedandminiaturizedforclinical

application・Inthisstudy，uSinganewnearinfrared－Photomultipliertube（NIR－PMT）

system，We mOnitored the real－time production oflo2　during PDT with

5－aminolevulinic acid（5－ALA）andinvestigatedtheielationshipbetweenthelo2

PrOductionandphotodynamiceffbcts．

Methods

一仙J由りJ血g．＼1こ軌り甘く…（JβJ・山J川〝〃…・“イ／〟〃ビHJJJd〟〃／肌油

UsinganewNIR－PMTsystem（H9170－45，HamamatsuPhotonicsK．K．，Hamamatsu，

Japan），1270－nmluminescence，Whichoriginatedfiomlo2throughtheinterferedfilter，

WaSCOllectedintothePMT（Fig・1）・ThephotoncountSWereintegratedevery10and

15Sfor5－ALA－induced protoporphyrinfor thein vitro and thein vivo studies

respectively．

9LgliomacellswereculturedforseveraldaysinRPMI1640mediumwith

lO％fbtalcalfserumat37℃beforeuse．MaleFischer344rats（9W）purchasedfrom

SLCInc・（Hamamatsu，Japan）wereusedfortheinoculationof9Lgliomacells．
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Fig．1Principleofthesingletoxygendetection

lo2generatedbyPDTundergoesradiantdecay，thusresultinglnemissionat1270－nm

light Using a new nearinfrared－Photomultiplier tube system（H9170－45，Hamamatsu
PhotonicsK．K．，Hamamatsu，Japan），1270－nmluminescence，Whichoriginated丘omlo2

throughtheinterfbred丘Iter，WaSCOllectedintothePMT．

肋〃如け加g〆02prOゐC血〃加C〟ぬred鉱gJわ∽αCe肋

9LgliomacellswereincubatedwithcompletemediumcontainlnglOmM5－ALAfor4

hours・The samples were removed andimmediatelytransferred tothe cuvette and

measuredl02PrOductionduringPDT．Thesamplewereirradiatedat80mW／cm2（400

S），160mW／cm2（200S）and240mW／cm2（133S）（n＝3）．Totalfluencewas32J／cm2at

eachgroup．AfterPDT，tumOrCells（1×104／well）wereseededin96－Wellplatesand

incubated with　fresh medium．The cell viability　was determined using the

tetrozolium－basedcolorimetriC（MTT）assayat24hoursafterPDT．

肋〃如け加gげ伽Jqpro血C血刀加α和‖〝椚Or〝70鹿7

9L glioma cells（lxlO6cells）wereimplantedinthe skin ofrats．13dayslater，
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intratumoralirradiationofthesubcutaneoustumorswasperfbrmed（YamamotoJetal．

2005）at30mW／cm（900S），60mW／cm（450S）and120mW／cm（225S）4hafterthe

intravenousadministrationof5－ALA（100mg／kg）（n＝6）．Totalfluencewas27J／cmat

eachgroup．

Therea魚er all animals were sacri負ced at48h after PDT under the deep

anesthesia．The tumor tissue specimens were removed and stained with

2，3，5－triphenyltetrazoliumchloride（TTC）todeterminethetumordeath．

Results

Rg〟ん血g椚〃〃如r吻げ702pr〝血C血〃血巾gPpr加C〟〟〟rg。比g肋椚〟Cg肋

Wecouldobviouslydetectthetemporalchangesoflo2PrOductionduringinvitroPDT

usingNIR－PMT system（Fig．2－a，b，C）．Undera丘xednuence，thecumulative102

PrOductionincreasedasthenuenceratedecreased（Fig．2－d）．Thestatisticaldi飴rences

between80mW／cm2andtheothergroupsweresignincant（Fig．2－d）．
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Fig・2The temporalchanges of102

PrOductionin9LcellsduringPDT・

9Lcellswereincubatedwith5－ALA（10

mM）for4h andexposedtolaserlight
（n＝3）．ThecontroIwasincubatedwithout

5－ALA（n＝3）．Totalfluencewas32J／cm2．

a）80mW／cm2（400S），b）160mW／cm2

（200S），C）240血W／cm2（133S）．The

cumulativelo2COuntSduringPDTat

each　fluence rate（d）Note that the

cumulativelo2PrOductionincreasedas
the　fluence rate decreased．The data

representthemean土SE，＃p＜0．05
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The cellviability revealed statisticaldifftrences between the5－ALA－treated

group and theirradiation alone group at the sameirradiance（Fig．3）．Although no

Slgnincantdiffbrenceswereobservedamongthesamplesintheirradiationalonegroup，

thedifftrencesbetween80mW／cm2andtheothersampleswerestatisticallyslgn沌cant

inthe5－ALA－treatedgroup．

Fig．3CellviabilityevaluatedbyanMTTassay

Thecontrolgroupandtheshamgroupwereincubatedwithneither5－ALAnor

lightexposure・Theshamgroupwashandledastheirradiationwasdonebut

Withoutanyirradiation（Shamirradiation）．Thedatawereshownasapercentage

OfthecontroIvalue．Thedatarepresentthemeanj＝SE，＃p＜0．05，＃＃p＜0．01．

The types oftumor celldeath，ie，aPOPtOSis or necrosis，Were analyzed by

fluorescenceimaglnguSlnganneXinV－FITCandPIstainlng，nuOreSCenCe－basedcell

deathdetection．ThecelldeathoccurredslowlyafterPDTinallgroups，butthetotal

numberandtheproportionvaried．Themqjorityofcelldeathin80mW／cm2（100S）and

80mW／cm2（200S）showedearlyorlateapoptosisinanytime．Ontheotherhand，the

greaterpartofthecellsin240mW／cm2resultedinnecrosis（Fig．4）．
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Desplte Ofthe samerate offluence，adiffbrenceinthefluenceraterevealed

diffbrentphotodynamic efftctsin experimentaltumors（Fig．6）．The photodynamic

effbctin30mW／cmgroupwasthestrongest（Fig．6）．Thedifftrenttypesofcelldeath

OCCurred between30mW／Cm group and120mW／cm group・Though each group

Showedtheapoptoticchangesintheboundaryzonesbetweenthecoagulationnecrosis

andthesurvivlngtumOrCells，thenumberoftheapoptoticcellswasmorein30mW／cm

group than thatin120　mW／cm group（data not shown）．In addition，the

TUNEL－POSitivecellsintheformer（98％）alsosigniRcantly（P＜0．01，n＝6，）increasedin

COmParisonwiththelatter（68％）．

Comments

Fig．6　The photodynamic

effect evaluated by TTC

Staim．

The data were shown as a

PerCentage Ofthe total cross

SeCtionsin each tissue．The

datarepresentthemean士SE，

＃＃p＜0．01．

Wehavefoundthatthedi飴rentconditioninlaserirradiationvariedlo2PrOduction

regardingthe peak and decay ofthelo2Slgnal・During PDTuslng5－ALA，the

irradiationwithalowfluencerateshowsalonglastlnglo2generation・Tothecontrary，

ahighfluenceratedidnotdoso．Ourresultsindicatedthattheoptlmalconditionof

irradiationshouldbedecidedbasedonthelo2generation・

ThelaserirradiationafterphotobleachinglSeXCeSSiveandmaydamagenormal

tissue（PowersSK，etal．1991；WalstadD，etal．1992；ChenQ，etal．1996）．However，
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1NTRAVITAL IMAGING REVEALS TIIAT TRANSIENT FOREBRAIN

ISCHEMIAINDUCES LONG－LASTINGINCREASEININTRACELLULAR

CALCIUMIONCONCENTRATIONINRATHIPPOCAMPALCAl

S・Yamamoto，Y．Wang，A．Miyakawa，T．Sakurai，K．Ibaraki，S．Terakawa

仙′Jり′′・l九一（〟川／仇，W‘〃・【ノ～（t仙り・．〃州J‘′仙JJ・WJ（一両l・丑、小　∫（・／J川′／ィ．1ん（／ん血ぐ．

〃〃仙J〃払出●JJ．ノ叩｝（川

INTRODUCT10N：In cultured neurons，theincreaseinintracellular Ca2＋

concentration（lCa2＋］i）playsacruCialroleinexcitotoxicity．However，inwholeanimals，

Calciumresponsefollowlngischemiaremainstobeestablished・Especially，Changein

lCa2’］iinthehippocampusuponischemiaremainsunclear，Sincenomethodhasbeen

availabletomeasurethelCa2’］iinthedeepstruCtureOfbrain．Inthepresentstudy，We

soughttodetermine，inrats，thelCa2’］iChangesfollowingtransientforebrainischemia

inhippocampus．

METHODS：In anesthetized，SPOntaneOuSly ventilated SD rats（300g），bilateral

Vertebralarterieswerecoagulated，andtransientforebrainischemiawasinducedby

OCCluding bilateral common carotid arteries with balloon occluders．To obtain the

intravitalfluorescenceimage，We emPloyedanimaging且berbundle（1．0mm outer

diameter）including　20，000　Rbers（4．5　Llm Outer diameter）coupled to the

microlens－attaChedNipkow－diskscanner（CSU－21，Yokogawa，Japan）equippedwith

10X Objectivplens・This nber－COuPled confocalmicroscope（FCM）is capable to

Observetheconfocalimagejustunderthe丘bers（1）．FCMwasinsertedstereotaxically

into CAl and CA3regions，reSPeCtively．Flu0－3仏M（440pM，2．5pl），alCa2’］i

SenSitivefluorescentdye，WaSmicrolrUeCtedintothebrain，andobservedevery30s

beforeandafter10－minforebrainischemiawithFCM．Sincethehemoglobinabsorbs

bothexcitationandemissionlight，ischemiamayafftctthefluorescentintensityof

Flu0－3insidethebrain．Toanalyzetheeffbctsofischemiaonthefluorescenceintensity，

thefluorescentbeads（0．2pmdiameter，Similarexcitation and emissionto those of

Flu0－3）weremicroiniectedintohippocampusandtheimagesweretakenbeforeand
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after10－minischemiainthesamemannerasdidinlCa2’］iimaging．

RESULTS：Four－VeSSel occlusion decreased CBF（mean土SD％）measured by

laser－Dopplerflowmetry，tO25土18（n＝6）inCAlandto20士11（n＝6）inCA3．Theydid

not signincantly difftr・10－minforebrainischemiaincreasedfluorescenceintensity

（mean士SD％）ofthebeadsinthehippocampusuptolO8j＝5（n＝4），Whichdeclinedto

the baselinelevelfollowlngrePerfusion．In allmeasurements，theischemiashowed

signincantincrease（102j＝2，n＝12tolO6j＝4，n＝84，P＜0．01）．InlCa2＋】iimaging，

therefore，thechangeinfluorescenceduringischemiawascorrected・Duringl0－min

ischemia，thefluorescenceintensltyOfFlu0－3slightlylnCreaSedupto110士9，andthen

increasedto134士19attheendof20－minreperfusioninCAl（n＝4）．Incontrast，inCA3

（n＝5），theintensitydidnotchangeuponischemia，andatreperfusionslightlyelevated

to108j＝4withoutlong－1astingincrease．During14－20minreperfusion，thelCa2＋］i

increaseinCAIwasstatisticallylarger（p＜0．05）thanthatinCA3．

COMMENTS：hCAl，butnotinCA3，tranSientforebrainischemiainducedlong

lastlngCa2＋increaseinsitu，WhereasltPrOducedsimilarCBFchangesinthesereglOnS・

SincethelCa2’］iincreasewassignincantlylargerinCAlduringreperfusionperiod，it

mightreachtotoxiclevelsandthenmediatethevu1nerabilityofCAlagainstischemia．
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ALPHA－AMIN0－3－HYDROXY－5－METHYL－4－ISOXAZOLEPROPIONICACID

（AMPA）　RAPII）LY INI）UCES DNA FRAGMENTATION OF THE

HIPPOCAMPALNEURONSINTHEINITIALSTAGEOFNECROSIS

K．Ibaraki，S．Yamamoto，Y．Wang，A．Miyakawa，T．Sakurai，S．Terakawa

〃MJり〃．1ん‘〟川／鮎・ヾtW・ぐ／J Cぐ〃J什　〃〟〃J‘〃肘JⅧ　UJJ／けJ叫l・∫（イいり／－イ∴lk（〟ぐ血．

〃‘J仙J川（JJ・川‥人〝）〟〃

INTROI）UCTION：Under the video enhanced contrast－difftrentialinterference

COntraSt（VEC－DIC）microscope，theintact cultured neurons showlarge nuclei

COntainlng an amOrPhous nucleoplasm，and an application of glutamateinduces

granular struCtureinside the nucleus within20minutes（1）．This nuclear change

COrreSPOnds to DNAfragmentation，indicatlng that the extracellular stimuliwould

affbctthenuclearDNAintheveryearlystageofexcitotoxicity（2）．However，Whether

alpha－amin0－3－hydroxy－5－methy1－4－isoxazole propionic acid（AMPA）could produce

thecomparablechangeremainsunclear．Inthepresentstudy，WeSOughttodetermine

thesoleefftctsofAMPAapplicationonthehippocampalneurons．

METHODS：Dissociatedhippocampalcultureswereprepared丘omone－dayoldWister

rats，and usedfor the experiment three weekslater．MorphologlCal changesin

hippocampal neuronsinduced by AMPA were observed under the VEC－DIC

microscope．Todetectthetypeofcelldeath，thatis，neCrOSisorapoptosis，hippocampal

neurons were stainedfo1lowing AMPA applicationwithpropidiumiodide（PI）and

fluorescein－4－isothiocyanate（FITC）conjugated annexin V（armexin V－FITC），and

examinedunderthefluorescencemicroscope．DNA舟agmentationwasassesseduslng

COmetaSSay，aSlngle cellgelelectrophoresis assay．To assess the seventyofDNA

fragmentation，We Classi且edDNA damage丘om gradel（no damage）to5（SeVere

damage）byvisualscoring．＿

RESULTS：Under the VEC－DIC microscope，COntinuous exposure to higher

COnCentration of AMPA（100トLM，1mM）Jdose－dependently showed the nuclear










