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MiCmpomuspolyvinylalcohol(ＰⅦ)honowhber(ＨＦ）membranescrosshkedbyglutaraldehydehavebeen
modifiedbyseveralcationicam1nepolymerssuchaschitosanorpolyethyleneiminetoin伽duceannno

gmupsintothemembraneuiareductiveaminationutilizingaresidualmonoreacteddialdehydeｉｎｔｈｅ
membrane，andsubsequent1yionicandcovalentimnqobnizationofheparinhavebeenpeIfbmnedfbr
achievingimprovedantithrombogenici鯨Ｏｆａｍｉｎｅｐｏｌｙｍｅ率exanmined,awate垂solublechitosanwasfbund

thenmostsuitablenmodi句ingagentfbrheparininmmoMlizationintemnsofbioactivilyoftheinm､mobilized

heparin,nontoxicityandbiocompatibilityBothionicanyinmmobilizedheparinandcovalentlyimmobimzed
heparinobtainedbyacouplingofaldehyde-temnmatedheparinwithchitosanmodifhednmembranesexhibited

thehighestanticoagulantactivities（anti-ftLctorXa，activatedpartialthrombopIastinｔｉｍｅ（APTI〕，and

prothrombintime),andeventheionicallyhepaⅡinizedmembranes正tamedsignificantanticoagulantactivity
withlessheparinelutionafteralong-termincubationof30daｙｓｉｎＯ９外NaC1aqUeoussolution・TheObsewed

anticoagulantactM句ofcovalentlyhepaZinizedmembranessUggestedthatantithrombinmwasactually
boundtocovalentlyimmobilizedheparinonthemembrane，thusleadmgtoaninactivationofthrombinand

activatedcoaguIationftuctorX(FXa).Interestinglyltheanticoagulantactivi句(APTT)ofcovalentlyhepaIinized
membranesafterwashingwith20外NaC1solutionmcreasedsignificantlydMngtheextendedincubationin
0.9％NaClfbrmorethanamonthwithoutlossofimmobilizedheparincontentlbemgquitesengitivetoanionic

strengthinNaClsolutionsThecovalentIyhepaⅡinizedmembranesshowedrelativelylowplasmaprotein
adsorption,andtheleastplateletactivationasdetemnmedbythereleaseofβ-thromboglobulmandpIatelet
ftnctoⅡ･４aftercontactingwithhumanwholebloodcontainingl5牝acid-citmte-dextrose(ACD)ｓｏlution、From

theresultsofthei〃ｕｉ姉testsofanticoagulantproper灯andbloodcompatibili畝itwasconcludedthatthe
hepaIinizedmembranesactuauyshowedahighbioactivib7inthesuppressionofbloodcoagulationln
addition，pemneabmtyofwaterandO､9％NaC1solutionacmssthehepaIinizedmembranewasnotaffectedby
theheparin-chitosannnmobilization・Therefbre，itisexpectedthathepaIinizedPMＡＨＦwouldfindpotential
appmcationinbloodcontactingdevicessuchasanintravenoushypemlinmentationcatheteraswenasp1asma
sepamtors．

1．Introduction

Microporouspolyvinylalcohol（PⅦ)honow-fiber(HF）membranesareculTentlyuseClasa
mcrofiltrationmembranenotonlymmdustnalfieldsbutalsommedicaltreatmentssuchas

extracorporealplasmapheresis．'ＩｈｅＰＶｉＡｍｅｍ]braneischaractenzedbyitshydrophilicity；thus
showingprotem-resistantpropertyandacceptalDlebiocompatibility，comparedtothoseof
hydrophObicpolymerssuchaspolysulfbneorPolyethylenelhemem]branestructureishigllly
crossmnkedbyacetallinkageswithdialdehydes，ｓｏｔｈａｔｔｈｅｒｅａｒｅｓｍａｌｌａｍｏｕｎｔｓｏｆｔｈｅ
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monoreacteddialdellydesremammgonporesu1fhcesaftercrosshnkingfblmation,WhiCllallow

vanouskindsofchemicalmodificationofmembraneAsapracticalapproachtoimproveits

bloodcompatibnitywehavemodifiedtllemembrane1byintroducmgammegroupsutmzmgthe

resiClualalClehyClegrOupsuiareductiveammation,andattemptedtoimｴnObilizebioactiveagents
hkeheparmontotlleammatedmembranes(1)．

Inthisstudy）wehavemvestigatdthechemicalmodificationofPVAHFmembraneswith

severalpolycationicaminepolymers，suchaspolyethyleneimineorchitosan,andthesubseqUent

immobilizationofllepalinontotllemodifiedmembranesfbrachievingimprovedanti‐

thrombogemcityConseqUently〉ofammepolymersexamineCl，awater-solu]blecllitosan,ａ（1,4)‐

linkeCl2-anmo-2-deoxy-β-D-glucanwasfbundthemostsuitablｅａｓａｌ]epannimmObmzingagent

becauseoftlleObservedhighestbioactivityoftlleimmobilizedhepa1in,aswenasitsnon-toxicity

andbiocompati]bⅢｔｙ(2,3)．Hepamisacomｴnonanticoagulantusedtopreventbloodclottmg

Clunngsurgeryandmthetreatmentofpostoperativethrom1bosisandembolismltisgenerally

acceptedthathepanncanenhancethemactivationofclottmgproteasｅｓｓｕｃｈａｓＦＸａａｎｄｌｌａ

(tl]rombm)byantithrombmlll(AnII）throughthefbnnationofahepann-AnIIcomplex(4,5）

ＩｍｴnobilizationofhepalinhasbeenfreqUentlyusedtoimprovetllebloodcompatibilityof

biomatelials・Hepalincaneitherbeionicallyorcovalentlyimmobilizedonblood-contacting

surfblces・Covalentimmobilizationofllepannismorepermanentandtherefbremoresuita]blefbr

long-temla]Qplications．’IhebioactivityofmnnObilizedlleparmisqUitedependenton

iｴ､ｴno]bilizationmetllods，andisusuallyreducedascomparedtotlleactivityof丘eeheparmm

solution・IheactivitylossisconsideredtobeduetoreducednexibⅢtyoftheimmObilized

llepaIinchainand/orbyadecreasedaccessi】bilityoftllehepannfbrAⅡIIandclottmgproteases
asaresultofstenchiM72nce．

’Il1epresentpaperdealswithtllemuZt7wostudyontheanticoagulantpropextiesandwater

pelmeabⅢtyperfbrmanceoftllehepa1inizedWAHFmembranesmai工mymodifiedbychitosan．

2．MaterialsamlMethods

２．１．Matenals

Anthechemicalswen℃ofanalyticalgradeorhigherandwe１℃useClasreceived'Ihesoumesof

cllemicalswe1℃asfbllows：llepannsodiumsalt（208Uﾉ、g)，nacalaitesqUe（Tbkyo)ichitosan

(water-solu】ble,ClegreeofN-deacetylationof＞90％，＜ＭＷ＞13,000）,sodiumborohydnde，２‐

ｍｅ1℃aptoethylaminehydrocmonde，5,5i-dithiObis(2-mtrObenzoicacid）（DTNB)，2,4,6,-tⅢinitro‐

benzenesulfbnicacid（TNBS)，１－ethyl-3-(3-dimetllylaminopropyl）carbodiimide（EDC)，etllylene

diamine（EDA）andsodiumnitⅡite，ＮａNO2，ＷａｋｏＰｕ1℃Chemicallnd（Osaka)；

polyethyleneimine（PEI）（branclled，＜ＭＷ＞10,000)，Polyscience（Wamington，USA)i

polyallylamine(EAA)(＜ＭＷ＞10,000),NittoBoseki(Tbkyo);AcidOrange7,TbkyoKasei(Tbkyo)i

sodiumtnacetoxyborohydnde,NaBH(OAC)3,Aldnch(Mnwaukee,Ⅶ)．

２２PViAhonowfi]Ce顕anddetern血ationofresidualalClehyClegroups

’IY1emcroporoushonowflberswhichwerehighlycrosslinkedbygdutaraldehyde，havingouter

dia・ofca､１mmwithanonmalporesizeofO2IUmwerekindlysupPlieClbyKurarayCo.,Ｌｔｄ，

Kurashiki，Japan・II1eHFswerewasheClwitllmetllanolbefbreuseTY1econcentrationof

residual住eealdehydegroupswasdetermmedtoｂｅ４８〃ｍCl/gHF(Ｃａ0.2ｍＣＭ）accordingtothe

DTNBmethod(6)afterconversionoftllealdehydeto-SHgroupwitll2-mercaptoethylamine

hydrochlolidePicturesofamicropoｒｏｕｓＰＶＡＨＦｍｅｍｂｒａｎｅａｎｄｉｔｓｃｌｌｅｍcalstructureare

shownmFigurel．
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２３ChemcalmodificationofHFmembraneswithaminepolymers

’IllechemcalmodificationofHFmembraneswasperfbnnedusmgcatiomｃａｍｍｅｐｏｌｙｍｅｒｓ，
thatｉｓ，water-solublechitosan，ＰＥＩ，ａｎｄＰＡＡａｓｆｂｎｏｗｓ：fbrexample，HFmembraneswere
treatedml兜aqUeoussolutionofcllitosancontaining50mMNaBH(0ＡＣ)3asareClucingagentat
30oCfbr48h，andtllenm25％NaBH4solutionfbr3hQuatemizationofanmogroupsoftlle
immobiUzedcllitosanwaspelfblmedbyreactmgｗｉｔｈmethyliodidemtllealkalinemediuｪn
accordingtoDomarCletaZ.(7).'Ihesequatemizedchitosanimmobilizedmembraneswerermsed

withO2MHClsolution,andthenwashedthoroughlywithultrapurewate正

2.4．Immobilizationofhepa1in

’Ihel1epa1inimmobilizationonｔｏｔｈｅａｍｍａｔｅｄｍｅｍｂｒａｎｅｓｗａｓｃａｍｅｄｏutmthetwodifIbrent

ways,iomcandcovalentbondmg・Typicalexamplesfbrlleparmimmobilizationaremustratedm

Figure2fbrchitosanmodifiedmembraneslomcallyheparimzeClmembranewasprepareｄｂｙ
ｉｍｍｅｒｓｍｇｃｌ】itosanPorquaternizedcllitosan-modifiedmembranesmaqUeoussolutionof０．３％
hepaｴinsodiuｴｎｓａｌｔ(2081Ｕ/ｍg)ａｔｐＨ7.4fbr48hat30.C,fbnowedbym1smgwitllO9％saline
Secondly；thecovalentimmobilizationwascamedoutmasmilarmanneraccordingtoa
procedurebyLalmeM.(8).Bne町0.3％heparmfragmentsbeanngatelminalreactivealdehyde
group(bioactivity≧80％),Obtamedbytlledeaminativecleavageofheparmwitllmtrousacidwas
coｕｐｌｅｄｔｏｔｈｅｐｌｉｍａｒｙａｍｴno-groupsofthemodifiedmembraneａｔｐＨ３５ｆｂｒ４８ｈａｔ５０･Ｃｗｉｔｈ
1.5ｍＭＮａＢＨ(OAC)３asareducmgagent，andthentlleheParimzedmembranewaswashed

thorouglllybypeufUsmgaqUeoussolutionof20％NaCltllroughtheporestoremoveiomcally
bondedheparm・Foracomparativeexpeliment,covalentcouplingofheparmtochitosanmodified
mem]branewasmadeuiaEDC-mediatedamidebondfbrmationaccordingtotlleconventional
techmqUe(9)．

TI1edetelminationofammogroUpswaspelfbnnedbyAcidOrange7and／ｂｒＴＮＢＳｍｅｔｈｏｄ
(10,11）ａｎｄtlleconcentrationofimmobilizedllepalinwasmeasuredwitllspectmophotometnc
methodbasedonmdolereactionmHClaqUeoussolutions(12)．

２５．Bioactivitymeasurement

Bioactivityofhepa1inizedmembraneswasmeasuredwithaftLctorXainhi]bitionassayusｪng
thechromogemcsubstrateS-2222（DaiichiPureChemcals1reagentkit）accordingtothe
mamflctu1℃s’descnption，Illeanticoagulantactivitywasalsoevaluatedbymeasumgtlle
coagulationtimes,i､ｅ,APTvnandprotlｎ℃､]ｂｍｔｊｍｅ(PT)fbrtlleplasmasolutionspremcu]bated
witllhepaｴｺﾞnizeClmembranesat37oCfbrlhｒｕｓｉｎｇａｎａｕｔｏmaticcoagulimetel;KoagulabMeJ
(OrtlloDiagnosticSystem)．BneHy;ahepaⅡinizedHFsample（5ｍｴ､)wasmcUbatedwitll300ﾉ〔Zｌ
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nontochitosanorquaternizedFig2SchematicdiagramshowingimmobilizationofheparinontochitosanorquaternizI
chitosanmodifiedmembraneswithionicand/orcovalentbonding

＊Partiallydegradedhcparinbearingaterminalaldchydegroupobtainedbydcaminative
clcavagewithnitrｏｕｓａｃｉｄ．

oflmmanplasmadilutionsmapolypropylenemicrotest-tubeat87ｏＣｆｂｒｌｌｍＡｆｔｅｒｒｅｍｏｖａｌｏｆ

ＨＦｓａｍｐｌｅ，１００匹loftlleOrtlloAPTvTreagent（cephalinfiombovinebrain/ellagicacid）ｗａｓ

ａｄｄｅＣｌｔｏｌＯＯノリloftllemcubatedplasmadilutions，ｆｂｎｏｗｅｄｂｙ５ｍｉｎ・mcubation，andtllen

APTvrwasmeasuredafteraddinglOOノリlof20mMCaC12aqUeoussolution．’IllePT

measurementwaspelfbnnedmａｓｍｌａｒｍａｎｎｅｒｗｉｔｈｔｈｅａｄｄｉｔｉｏｎｏｆＯrthorabbitbram

thromboplastin、Ｆ１]rtllerdetailsofbioassayproceduresweredescnbedelsewl]ere(13)．

2.6．P1asmaprotemadsolption

Plasmaproteinadsolptionontothemembranewasevaluatedbythefbllowingmethod

Bovineplasmasolutions(1％)mlOmMphospllate-bufIbredsanne(PBS)(ｐＨ７４)werecirculated

acrossacovalentlyhepaｴinizedmembranethrougllporesataｆｌｏｗｒａｔｅｏｆａ]bout8ml/ｍｉｎａｔ３７

゜Cfbrl5min、AftermembraneswerelinseClwitllＰＢＳ(ｐＨ７４),tllereｴnaiｴlingadsorbedprotems

wereremovedｗｉｔｈ１％'nitonX-100andl兜ＳＤＳｍＯ・Ｏ１ＭＮａＯＨｗｉｔｌｌｓｈａｋｉｎｇｆｂｒｌｈ,andtllen

theconcentrationofproteinswasdetenninedbymicroBCAprotemassaykitbasedon

bicmchonimcreagent(Pierce,Rockfbrd,IL)．

２７．Releaseofβ-tllromboglObulinandplateletftlctor4

TI1ereleaseofβ-thromboglObulin(β-ＴＧ）andp1atelethctor4（PF-4）intoplasmaafter
incu]bationoftllemembraneswithlmmanACDbloodwasdeternmnedasameasureofthe

extentofplateletactivation､BxienJitllemembranesamp1es(６piece８，eachof23cmmlength）

wereincu]oatedwitllfreshhumanwholebloodcontainingl59MCDofl2mlmapolyprOpylene

皿crotu]ｂｅｆｂｒ３０ｍｉｎ・IllebloodwastllencollectedintotUbescontainingice-coldcitratebuB[br

supIQlementedwitlltheophyUine，adenosmeanddipyndamole，andtllencentnfilgedat3000
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ｍｍａｔ４ｏＣａｎｄｔｌｌｅｐｌａｔｅｌｅｔｐoorp1asmawascOllected,fbllowedbyhPeezingat-３０°Ｃ．’IY1e
amountofthereleaseClβ-ＴＧａｎｄＰＦ－４ｍｐｌａｓｍａｗａｓａｓｓａｙｅｄｂｙＥＬＩＳＡａｔＳＲＬ,Inc.,'IblKyo．

２８．Pemnea]bilitymeasurementofHFmembranes

Thepennea]bⅢtymeasurementofhepaxinizedHFmembraneswaspelfbnnedmthefbllowing
mannerPurewateror0.9％NaClsolutionwaspermeatedacrossｔｌｌｅＨＦｍｅｍ]branefipomtlle

msidetotlleoutsidethroughitsporesatacertainflowratefbrablind-endeｄＨＦｍｌＯｃｍｌｅｎｇｔｌｌ

ｕｓｍｇａｎｅ印elimentalapparatusasshownmFiguｒｅ３，andtherelationshipbetweenpressure
dropandnowratewasObtameCL

□
〕 Pressuregauge

や

InfUsionpump

ＨｂＩＩｎｄｅｎｄｅ【

alance1Ｂｒﾉド

Fig.３．Schematicdrawingofexperimentalflowapparatus．

3．ResultsandDiscussion

alAnticoagulantactivityoflleparmimmobilizedmembranes

ln'､a]blelarerepresentedtlleresultsofanti-FXaactivity;ＡＰＴｒ(intlinsiccoagulation)ａｎｄ

ＰＴ(exmnsiccoagulation)fbrvanoushepaｴinizedHFmembranes・Ａｓｅﾖq9ected,theheparimzed

membranescouldprolongclottingtimetoconsidera]bleextent,anClshowedextremelyhigllanti‐

FXaactivity；whUetllechitosanorPEImodifiedmembraneswithoutimmObilizedhepalin

showednoanticoagulantactivityTY1eelongationofAPTrwasmuchmorepronouncedthan

thatofP'mltwasdemonstratedthattllecllitosanmodifiedmembranegenerallygavemucll

higlleranticoagulantactivityofimmObnizedheparmtllanPEIorEAAmodifiedmembranes，

lrrespectiveoftlleamountofimｴnObilizedheparm・

Asfbrionicimmobilizationofl1epaｴinontochitosan，severalstudieshavealreadybeen

reportedmordertoClevelopantitl】romboticbiomatelialsForexample,tllebloodcompatibilityof

cl]itosanPheparmcoatedpOlyethylenｅｓｌｍｎｔｔｕ]bmgswasstudieClbyLambreChtetaＬａｓｅａｴlier

asl981(14)．Also，iomcallyheparimzedchitosanmembranesfbrhemodialysis(15)，andtlle

heparm-quatemizedchitosanpolyiomccomp1exmembranefbrultrafntration(16）were

mvestigatedtoimprovetheantitllrombogenicity

Oure叩elimentalresultswerealmostconsistentwitl1tl1oseprevlousreports・Howevemitis

noteworthythationicallyimmObilizedhepa1inswerefbundnｏｔｔｏｂｅｅａｓｉｌｙｅｌｕｔｅｄ丘omtlle

heparm-polyamineimmObilizedmembranes，retainingtlleinitialcontentoflleparmand

anticoagulantactivityevenaftertllelong-terminculDationof30daysmO９％NaC1withshakmg
at30oC，ａｓｉｓｓｅｅｎｍＦｉｇｕｒｅ４、Inacirculationexpenmentof0.996ＮａＣｌａｃｒｏｓｓｔｈｅｍｅｍ]brane

ataflowrateofa]bout20ml/h,iomcamyhepaｴinizedcl1itosan-modifiedmembranesstUlretained
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cα８０％oftlleinitialcontentofhepalinaftertlle０９％salinepelfilsionfbr20days．’ｎｌｅｓｌｏｗ

ｒｅｌｅａｓｅｏｆｈｅｐａｎｎｍａｙｂｅｃｏｎsideredasduetoarelativelysta]blepolyioniccomp1exationof

cl1itosan-llepaｴｉｎａｌｉｓｍｇ仕olntllestructuralsimila1ityNonetheless,aslleparmelutionseemsto

bedependentonaflowrateandionicstrengthofthemedium,fhrtherdetaileClstuClyisreqUiｴ℃d・

Asfbrcovalentheparimzations，thehepaIinizedmembraneObtameClbyanend-point

attacllmentofCHO-hepanntochitosanmodifiedmem]oranee】j】ibitedtllel]ighestanti-FXa

activityof≧271U/91正》andmuclllongerAPTr(50~160sec),ascomparedtotlloseObtaineMFom

PEIorPAAmodifiedmembranes、Ontlleotllerhand，ahepaｴinizedmem]branewithmulti-point

attachmentofhepamlmolecule,wllichwasObtainedbyEDC-mediatedamidebondfbnnation

showednoanti-FXaactivitJiasisseenmnblelTl1isresultmdicatesthattlleheparmcllam

immobilizedbytheendpointattachｴnentcouldhasanadequatenexibiliｔｙｔｏｂｍｄｔｏＡｎＩＩ,thus

leadingtoasuppresionoftl]rombmactivityAsisseenmFigure5，itisinterestingtllattlle

APTvrofcovalentlyimmobilizedlleparmontocllitosanmodifiedmembraneslncI℃asd

significantlyduｴingtlleextenCledincu]bationmO､9％salmefbrmoretllanamonthTY1e

concentrationofthemnobilizedl]epaｴinremamedalmostunaltered(4.5ｍｇ/gHF)overamontll

andtlleanti-rXaactivityincreased住ｏｍｌ９ｕｐｔｏ＞27,exceedingtllemeasura]blelimitafterone

dayincu]bationmO9％ＮａＣ１ａｔ３７ｏＣＨｏｗｅｖe囚aheellepalinmoleculewhichhadbeen

mcubatedwitll20％NaClrestoretlleorigiｴlalbioactivityimmediatelybytlleincubationwith

0.9％sauneat37oCItmaybesuggestedthatthehighlyprolongedAPIvrisatMDutedtoeither

possiblellepannleakageortlleremovalofclottmghctorprotemsmvolveClmtheintlinsic

coagulationcascadeduｴingincubationofheparimzedmembraneswithp1asmadilutions、

Howeve囚thellepannleakagedunngonehourincubationat８７°ＣwasconHmneCltobenegligible

byanti-FXaassaynrtherstudyisnowunderwaytoclanfythisumquephenomenon．

３．２.PlasmaproteinadsolPtion

’IY1eplasmaprotemadsolptionontlleheparimzedmem]oranewasstudieClasapossible

mdicatorofbloOdcompatibilityFigurｅ６ｓｈｏｗｓｔｈｅｒｅｓｕｌｔｏｆｔｈｅｐｌａｓｍａｐｒｏtemadsolption

ontothecovalentlyhepaIinizeClmembrane（immObnizedbyEDC）aftercontactmgwith1％

bｏｖｉｎｅｐ１ａｓｍａｍｌＯｍＭＰＢＳ（ｐＨ7.4)，togetherwitlltwocontrolmembranes．’Ihehepaｴinized
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threedifferentmembranes．
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memlbranesshowed1℃lativelylowProtemadsolption，ａｌｍｏｓｔｓｉｍｉｌａｒｔｏｔｈｅｕｎｍｏｄｉｆｉｅｄＰＶA

membrane,prObablyduetoanelectrostaticrepulsionbetweenaniomclleparmandnegatively
chargedplasmaprotems．

a3Releaseofβ-TGandPF-4asameasureofplateletactivation

FYgure7showstllereleaseofβ-TGandPF-4afterincu]bationofUleheparimzedmembranes
ObtaineClwitllCHO-hepaｴinmfreshlmmanACDbloodTI1ereleaｓｅｏｆβ-ＴＧ住omplateletis
consideredtobecloselyrelatedtotlleextentofplateleｔａｃtivationaswellasplateletadhesiｏｎ
(17)Illerefbre,thisdetemninationisqUiteuSefhlfbrevaluationofbloodcompatibⅢtyoftlle
hepaｴinizedmembranes、Itisnotewortllythattllehepa1inizedmembranes，particulaｪlytlle
covalentlyheparimzedmembranesexl]ibitdtlleleastreleaseofβ-TＧａｎｄＰＦ－４,comparedto
onginalandcllitosanmodifieClmembranes、Suchareductionofreleaseofβ-TGwasalso
O1bservedfbrhepaIin-PEIimmobilizedHFmembranes，aspreviouslydesclibeCl（18)．’Illese
resultssuggestthattheheparmzedmembraneshaveanexcellentantithmmbogenicitywith
leastplateletadhesionandactivation．
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Fig7Releaseofβ-TGandPF-4afterincubationofheparinized
membraneswithACDblood

β-TGandPF-4releasedweredetenninedbysubtractingamounts
ofpolypIDpylenetesttubes(blank),234,9/mlandl27ng/ｍｌ,respectively．

a4PemneabilityofllepaｴinizedHFmembranes

Pemnea]mityofpurewaterandNaClsolutionsthroUghthemembraneswasMeny
investigateCLAsshownmFigure8，allthemembranesexaminedexhi]Ditedthesamelinear

relationshipbetweenpressuredroｐａｎｄｆｌｏｗｒａｔｅｆｂｒｂｏｔｈｗａｔｅｒａｎｄ０９％saline，mdicating
ｔｈａｔｔｈｅｗａｔｅｒｏｒＯ９％sannepemneabⅢｔｙａｃｒｏｓｓｔｈｅＨＦｍｅｍ]oranewasnotaflbctedby
cllitosanorllepamlimmObilization．'II1epenneabilityofplasmaprotemsacrosstllehepa1inized
membranｅｓｉｓ]bemgstudied,andwmbereportedelsewhere・ItshoulClbenotedthatthepresent
metllodologyofchemcalmodiiicationhasanadvantageoverusualgraftpolymenzationsof
amﾕｴlemonomersontomembranesmthattlleresultinggraftpolymerseasilymducetllecloggmg
ofporestoreducepemnea]bilitytoasignificantextentmmostcases、FinallyWvithrefbrenceto
theeHbctofNaC1concentration,ｗｅｕｓｅＣｌａhiglliomcstrengtllof20兜NaC1asfbedsoluiion，ａｎｄ
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ObservedabouttwofbldpressuredrｏｐａｔｔｌｌｅｎｏｗｒａｔｅｏｆｌＯｍｍｌ,particulaⅡlyfbracovalently

heparmzedHFmembrane,comparedtoachitosanmodifiedHF(18).'Ihisreducedpermeability

maypossiblybeemameClasCluetotlleconfbrmationalCllangeofl]eparmcllaininducedby20％

NaC1,whichseemedtobecloselyrelateCltotlleObserveClsuppressionofanticoagulantactivityof

tllecovalentlyimmobilizedheparmm２０％ＮａＣＬ

０
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Ｆｉｇ．８．Relationahipbetweeｎｐｒｅｓｓｕｒｅｄｒｏｐａｎｄｆｌｏｗｒａｔｅｏｆ０．９％
NaClaqueoussolution・

xUnmodifiedHF;ochitosanimnobilizedHF；

●heparin/chitosanimmobilizedHF(ionic)；
△heparin/ChitosaninmobilizedHF(ionic+covalent)；
▲heparin/ChitosaninmobilizedHF(covalent)．

4．Ｃｏｎｃｌｕｓｉｏｎｓ

Ｏｎｔｈｅｂａｓｉｓｏｆｔｈｅｍｕﾉｵ7℃studyontheanticoagulantproperty;bloodcompati]bilityandwater

penneabⅢｔｙｏｆｔｈｅｈｅｐａｎｎｉｚｅｄＰＶＡＨＦｍｅｍｂｒａｎｅs，itwasdemonstratedthat

antithrombogemcityoftllePVAHFmembraneshassignificantlybeenimprovedbyhepaml‐

chitosanimmobilizationwitlloutcompromsmgthewaterpemnea]ｂｉｌｉｔｙｌｔｉｓｅ叩ectedthattlle

heparmzedHFmembraneswouldbeusefhlfbrapPhcationstoblood-contactingdevicessuchas

anoveltypeofintravenoushyperanｴnentationcatlleterasproposedbylhUjietaZ.(19)aswenas

plasmaseparators．
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