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본 연구는 주로 항암제의 체내 흡수를 증가시키고 체내 체류시간을 늘여서 항암제
의 치료효과를 높이는것을 목표로 수행되었다. 이를 위해 cytarabine과
methotrexate(MTX)의 구조적특성,생체내에서의 흡수기전 그리고 다른 약물과의 상호
작용 등을 이용하여 이들 항암제의 약물동태학적 특성을 개선하고자 하였다.

첫 번째 모델약물인 cytarabine은 가장 널리 사용되는 골수 백혈병 치료제로서
급성 백혈병,림프 백혈병 그리고 기타 여러 가지 암에도 많이 쓰이는 암 치료제이다.
그러나 cytarabine은 체내에서의 분포농도가 낮고 반감기도 짧기 때문에 임상에서
사용할때에 여러가지로 많은 제약이 따른다.이러한 약동학적 결함은 cytarabine이 인
체 내에서 탈 아미노반응으로 불활성의 1-β-D-arabinofuranosyluracil을 형성하기 때
문이며,이러한 탈아미노반응은 주요 대사기관인 간뿐만 아니라 위장관내에서도 신속
하게 일어나는 것으로 보고되어있다.따라서 본 연구에서는 이러한 탈아미노반응이
cytarabine의 생체이용률에 미치는 영향을 최소화하기 위하여 cytarabine 의
N4-amino그룹에 서로 다른 아미노산을 붙여서 peptidylprodrugs를 합성하였다.이러
한 prodrug합성을 통하여 경구투여시 위장관 및 간에서의 약물의 안정성을 증가시키
고 궁극적으로는 cytarabine의 혈중농도를 증가시키고자 하였다.소장내에는 많은 수송
체가 존재한다.그중에 peptidetransporter(Pept1)가 있는데 Pept1은 펩티드 구조를
가진 약물의 수송에 적극적으로 관여한다.따라서 본 연구에서는 펩티드 구조와 유사
한 prodrugs를 합성하였고 이러한 구조적 특성을 이용하여 소장내에서의 prodrugs의
흡수를 개선하고자 하였다.



- 7 -

두 번째 모델약물은 MTX로서 MTX는 급성백혈병,골육종 등을 포함한 항암치료
제로 널리 사용되고 있다.또한 기타 비악성종양,건선 등에도 많이 쓰인다.MTX를
다른 약물 혹은 천연식물 추출물 등과 같이 투여했을 경우 MTX의 신 배설이 억제되
어 체내 약물농도가 높아진다는것이 보고된바 있다.최근에는 천연약물에서 추출한
flavonoids가 인체에 유익한 약물로 관심을 끌고 있는데,flavonoids의 하나인 morin은
비교적 독성이 없고 안정한 약물이며 또 임상에서 항알레르기,항염증,항암효과 등 다
양한 약리작용을 나타내고있다.뿐만아니라 morin은 이미 딜티아젬,파크리탁셀 등
의 약물들과 병용투여시 이 약물들의 소장내 흡수를 증가시키는 것으로 보고된바 있
다.그리고 최근에는 morin이 MDCK Cells에서 organicaniontransporters(OATs)의
활성을 억제하는 작용이 있음이 본연구진에 의해서 밝혀졌다.또한 MTX도 신장의 세
뇨관에서 OAT에 의해 수송된다는것이 알려져있다.따라서 MTX와 morin은 모두 신
장에 분포하는 OAT와 상호작용이 가능하므로 본 연구에서는 morin에 의한 OATs의
활성억제를 통해 MTX의 신배설을 감소시키고 궁극적으로는 MTX의 혈중농도를 증가
시키는 방법을 연구하였다.
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EEEnnnhhhaaannnccceeeddd ooorrraaalll eeexxxpppooosssuuurrreee ooofff aaannntttiiicccaaaccceeerrr dddrrruuugggsss vvviiiaaa ttthhheee
uuutttiiillliiizzzaaatttiiiooonnnooofffdddrrruuugggtttrrraaannnssspppooorrrttteeerrrsss

Jin,Ming Ji
Advisor:Prof.Han,Hyo-Kyung

DepartmentofPharmacy
GraduateSchoolofChosunUniversity

This research aimed to improve the pharmacokinetic characteristics of
anticancerdrugsviatheutilizationofdrugtransporterssuchas(i)prodrugdesign
targeting the peptide transporters and (ii) modulation of organic anion
transporters-mediatedrenalexcretion.

(((111)))PPPrrrooodddrrruuugggdddeeesssiiigggnnntttaaarrrgggeeetttiiinnngggttthhheeepppeeeppptttiiidddeeetttrrraaannnssspppooorrrttteeerrrsss::: Thisstudyaimed
to investigate the in-vitro characteristics of N4-amino acid derivatives of
cytarabine for the oral delivery of cytarabine. After the synthesis of
L-Leu-cytarabine, L-Ile-cytarabine and L-Arg-cytarabine, the gastrointestinal
stabilityofeachprodrugswasexaminedusingartificialgastricjuiceandintestinal
fluids.The cellularuptake characteristics ofprodrugs were also examined in
Caco-2cells.WhileL-Leu-cytarabineandL-Ile-cytarabineappearedtobestablein
allthe tested biologicalmedia during 4-hr incubation,L-Arg-cytarabine was
rapidly disappeared within 5 min. Accordingly, the cellular uptake of
L-Leu-cytarabineandL-Ile-cytarabinewassignificantly higherthan thatofits
parentdrug,cytarbineinCaco-2cellsbutthecellularuptakeofL-Arg-ctarabine
wassimilartothatfrom itsparentdrug.ThecellularuptakeofL-Ile-cytarabine
and L-Leu-cytarabineappeared tobesaturableasdrug concentration increased
from 0.4to0.4mM.Collectively,L-Ile-cytarabineandL-Leu-cytarabinecouldbe
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promisingcandidatestoimprovetheoralabsorptionofcytarabineviaasaturable
transportpathway.Therefore pharmacokinetic profiles ofL-Ile-cytarabine was
investigated in rats.The AUC ofL-Ile-cytarabine was approximately 1.8-fold
higher than thatfrom cytarabine butthe appearance ofcytarabine was not
observed after an oral administration of L-Ile-cytarabine. In conclusion,
L-Ile-cytarabineandL-Leu-cytarabinemayimprovetheintestinal absorptionof
cytarabineviathecarrrier-mediatedtransportpathwaybuttheirutilityasanoral
deliverysystem ofcytarabinecouldbelimitedbythelow metabolicconversionto
cytarabine.

(((222)))MMMoooddduuulllaaatttiiiooonnn ooofffooorrrgggaaannniiiccc aaannniiiooonnn tttrrraaannnssspppooorrrttteeerrr---mmmeeedddiiiaaattteeeddd rrreeennnaaallleeexxxcccrrreeetttiiiooonnn:::
Thisstudyaimedtoinvestigatetheeffectofmorinonthepharmacokineticsof
methotrexate(MTX)inrats.PharmacokineticparametersofMTX weredetermined
inratsfollowinganintravenousadministrationofMTX(2mg/kg)inthepresence
andtheabsenceofmorin(25mg/kg,po.).ThecellularaccumulationofMTX was
alsoexamined by using MDCK cellsstably overexpressing hOAT1orhOAT3.
ComparedwiththecontrolgivenMTX alone,pretreatmentwithmorin15minprior
toMTX administrationsignificantlyalteredthepharmacokineticsofMTX inrats.
Renalclearance and totalclearance ofMTX were reduced by 42% and 58%,
respectively,inthepresenceofmorin.Accordingly,thesystemicexposureofMTX
in theratspretreated with morin wassignificantly higherthan thatfrom the
controlgroup.Themeanresidencetime(MRT)andterminalplasmahalf-lifeof
MTX wereprolongedby3.3-and2.4-fold,respectively,bytheconcurrentuseof
morin.The cellularuptake ofMTX (20uM)was significantly reduced by the
co-incubation with morin (100uM) in MDCK-hOAT1 cells but not in
MDCK-hOAT3cells.Takentogether,morinappearedtobeeffectiveinalteringthe
pharmacokineticsofMTX inrats,likelybytheinhibitionofOAT1-mediatedrenal
excretion.
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PPPaaarrrttt111
국국국문문문초초초록록록

Cytarabine Cytarabine Cytarabine Cytarabine 의 의 의 의 생체이용률 생체이용률 생체이용률 생체이용률 개선을 개선을 개선을 개선을 위한 위한 위한 위한 유도체의 유도체의 유도체의 유도체의 합성 합성 합성 합성 및 및 및 및 특성 특성 특성 특성 

평가평가평가평가

본 연구의 목적은 cytarabine의 경구운반시스템으로서 cytarabine의 peptidyl 

prodrugs인 L-Leu-cytarabine,　L-Ile-cytarabine, L-Arg-cytarabine를 합성하고 

그 특성을 평가하는것이다. L-Leucine, L-Isoleucine, L-Arginine 을 각각 cytosine 

ring의 N4-amino group에 삽입하여 prodrugs을 합성한후 다양한 biological 

media에서 in-vitro 안정성을 측정하였고, Caco-2 cell에서 세포내 흡수 특성에 대해 

조사하였다. 또한 실험용 흰쥐에서 cytarabine 과  L-Ile-cytarabine의 약물 동태학적 

특성도 평가하였다. 인공위액에서 L-Leu-cytarabine, L-Ile-cytarabine의 반감기는 

2-3시간 정도인 반면에 L-Arg-cytarabine는 5분이내에 모든 약물이 신속하게 

분해됨을 알수 있었다. 인공장액, cell homogenates, fresh plasma에서는 4시간의 

incubation에도 L-Ile-cytarabine와 L-Leu-cytarabine는   거의 분해가 일어나지 

않는 안정한 상태를 나타냈다. 그리고 Caco-2 cell에서 세포내 축적은 

L-Leu-cytarabine, L-Ile-cytarabine는 cytarabine보다 훨씬 높게 증가하였으나 

L-Arg-cytarabine는 parent drug 인 cytarabine과 별로 차이가 없었다. 또한 

L-Leu-cytarabine와 L-Ile-cytarabine 는 약물농도가 0.4mM에서 4mM로 증가함에 

따라 세포내 유입이 포화되는 경향을 보였으나 L-Arg-cytarabine는 세포내 유입이 

약물농도에 비례해서 증가하는 경향을 보여주었다. 이는, L-Ile-cytarabine과 

L-Leu-cytarabine은 saturable pathway에 의해 세포내 유입이 이루어지는 반면에 

L-Arg-cytarabines는 주로 passive diffusion에 의해 약물흡수가 이루어짐을 

암시한다.

합성한 prodrugs중에서 세포내유입이 가장높은 L-Ile-cytarabine를 실험용 

흰쥐에 경구투여하여 혈장내에서의 약물동태학적 특성을 평가하였다. 그 결과 
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L-Ile-cytarabine 의 혈중농도는 cytarabine보다 훨씬 높게 나타났다. 그러나 

prodrug 투여후 혈장에서의 cytarabine의 농도는 정량한계 이하로 나타났다. 

결론적으로 L-Ile-cytarabine와 L-Leu-cytarabine는 위장관내에서의 안정성이 높고 

소장내 흡수도 cytarabine 보다 우수하지만 체내에서 cytarabine으로의 낮은 대사적 

전환으로 인하여 cytarabine의 경구용 약물전달시스템으로써는 적합하지 않음을 알수 

있었다. 따라서 cytarabine의 세포내 유입 및 parent drug으로의 reconversion 

속도를 최적화할수 있는 새로운 프로드럭의 합성이 필요로 된다. 
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AAAbbbssstttrrraaacccttt

EEEvvvaaallluuuaaatttiiiooonnnooofffNNN444---AAAmmmiiinnnoooAAAccciiidddDDDeeerrriiivvvaaatttiiivvveeesssooofffCCCyyytttaaarrraaabbbiiinnneee
fffooorrrIIImmmppprrrooovvviiinnngggttthhheeeOOOrrraaalllDDDeeellliiivvveeerrryyyooofffCCCyyytttaaarrraaabbbiiinnneee

The present study aimed to investigate the in-vitro characteristics of
N4-aminoacidderivativesofcytarabinefortheoraldeliveryofcytarabine.After
the synthesis ofL-Leu-cytarabine,L-Ile-cytarabine and L-Arg-cytarabine,the
gastrointestinalstability ofeach prodrugswasexamined using artificialgastric
juiceandintestinalfluids.Thecellularuptakecharacteristicsofprodrugswerealso
examinedinCaco-2cells.WhileL-Leu-cytarabineandL-Ile-cytarabineappeared
to be stable in all the tested biological media during 4-hr incubation,
L-Arg-cytarabinewasrapidlydisappearedwithin5min.Accordingly,thecellular
uptakeofL-Leu-cytarabineandL-Ile-cytarabinewassignificantlyhigherthanthat
of its parent drug, cytarbine in Caco-2 cells but the cellular uptake of
L-Arg-cytarabinewassimilartothatfrom itsparentdrug.Thecellularuptakeof
L-Ile-cytarabine and L-Leu-cytarabine appeared to be saturable as drug
concentration increased from 0.4 to 0.4mM.Collectively,L-Ile-cytarabine and
L-Leu-cytarabinecouldbepromisingcandidatestoimprovetheoralabsorptionof
cytarabineviaasaturabletransportpathway.

ThereforepharmacokineticprofilesofL-Ile-cytarabinewasinvestigatedin
rats.The AUC of L-Ile-cytarabine was approximately 1.8-fold higher than
cytarabine butthe appearance ofcytarabine was notobserved after an oral
administration of L-Ile-cytarabine. In conclusion, L-Ile-cytarabine and
L-leu-cytarabine may improve the intestinalabsorption ofcytarabine via the
carrrier-mediatedtransportpathwaybutitsutilityasanoraldeliverysystem of
cytarabine could be limited by the low metabolic conversion to cytarabine.       
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                                  1. Introduction

Cytarabine [(1-β-d-arabinofuranosylcytosine), Cytarabine], a pyrimidine
nucleosideanalog,isoneofthemosteffectivedrugsusedinthetreatmentofacute
myeloid leukaemia, acute lymphoblastic leukaemia and other haematological
malignancies(1-11).In combination with other antitumor agents itis also used
againstsolid tumors(2).Recently cytarabine has been reported to also induce
apoptosisofneoplasticcells(29,30).However,itsclinicalutilityisseverelylimitedby
averyshortplasmahalf-lifeandlow systemicexposurethataremainlycausedby
the rapid deamination of cytarabine to the biologically inactive 1-β
-D-arabinofuranosyluracilin the liver,spleen and gastrointestinalmucosa.(15,16)

Consequently,manyprodrugstrategieshavebeenexploredtoavoidthedeamination
andalsotoenhancethecellularuptakeofcytarabine,butfew haveledtoan
approvedproduct.(17,20)

Oralabsorptionofpassivelyabsorbeddrugscanbepredicttosomeextentin
vitro.Itisreportedthatthefractionabsorbedofpassivelyabsorbeddrugscanbe
predicted from the polarmolecularsurface area ofthe drug molecule(24),the
permeabilitythroughanartificialmembraneaswellasCaco-2cellmonolayer(25,26).
Theintestinalpeptidetransporter(Pept1)playsan importantrolein transporting
dietarypeptidesaswellaspharmacologicallyactivepeptidomimeticdrugs.(21,22)Due
tothebroadsubstratespecificity,thepeptidetransportercanbeapotentialtarget
intheprodrugdesigntoimprovetheintestinaltransportoflow-permeabilitydrugs.
For example, the membrane permeability of the polar α-methyl-dopa was
significantlyimprovedthroughpeptidylderivativeswhichwerewatersolublebut
wellabsorbedviaapeptidetransporter(23).Inpreviousstudies,peptidylprodrugs
targeting the peptide transporter have been successful in improving the
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bioavailability of poorly absorbable drugs such as α-methyl-dopa,acyclovir,
ganciclovirandgemcitabine.(23-26)Furthermore,Cheonetal.(27)havereportedthat
L-valylderivativeofcytarabinewaseffectivetoimprovethecellularuptakeof
cytarabinebutunfortunately,itsmetabolicreconversiontotheparentdrugwasnot
optimalasapotentialoraldeliverysystem ofcytarabine.Therefore,inorderto
identify theoptimalprodrug ofcytarabine,thepresentstudy synthesized three
N4-aminoacidderivativesofcytarabineandevaluatedtheirin-vitrocharacteristics.



- 15 -

2. Materials and Methods

222---111...MMMaaattteeerrriiiaaalllsss

Cytarabine,smalldepeptides,aminoacids,acyclovir,5-bromo-2'-deoxyuridine
(BDU),4-dimethylaminoptridine(DMAP),N,N'-dicyclohexylcarbodiimide(DCC) and
1-hydroxybenzotriazole(HOBT) were purchased from Sigma ChemicalCo.(St,
Louis,MO,USA).Pepsin,pancreatinandBCA proteinassaykitwerealsoobtained
from SigmaChemicalCo.(St.Louis,MO,USA).FetalBovineSerum (FBS),cell
culturemedia,antibioticsandallotherreagentsusedincellculturestudieswere
purchasedfrom Seolin ScienceCo.(Seoul,Korea).Caco-2cellswerepurchased
from ATCC(Rockville,MD,USA).Allotherchemicalswerereagentgradeandall
solventswereHPLCgrade.

222---222...CCCeeellllllsss

Caco-2cellswereroutinelymaintainedinDulbecco'smodifiedEagle'smedium
(DMEM)containing10% FBS,1%nonessentialaminoacids,1mM sodium pyruvate,
1% L-glutamineandpenicillin(100U/mL)/streptomycin(100mg/mL).AllCellswere
maintainedinanatmosphereof5% CO2and90% relativehumidityat37℃.

222---333...SSSyyynnnttthhheeesssiiisssooofffNNN444---ppprrrooodddrrruuugggsssooofffcccyyytttaaarrraaabbbiiinnneee

N-amino acid prodrugs ofcytarabine(999---111111)were readily synthesized from
cytarabine(111)asdepictedinFig.1.Thethree-hydroxylgroupsofthestarting
material111 (5.0g,20.55mmol)wereprotected with tert-buthyldimethylchlorosilane
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(9.2g,61mmol)inanhydrousDMF(100mL)withimidazole(6.8g,100mmol)togive
compound222(8.31g,yield69%),whichwaspurifiedusingcolumnchromatography
onsilicagel60(Hexane:Ethylacetate=1:4).Theaminogroupofcompound222(1.2g,
2.04mmol)wascoupled with each N-BOC-amino acid (2.04mmol)using HOBT
(283mg, 2.1mmol), DMAP(100mg) and DCC(433mg, 2.1mmol) in anhydrous
methylene chloride(20mL) to produce 333---555, which were purified by column
chromatographyonsilicagel60(CH2Cl2:CH3OH=10:1).Treatmentof333---555(0.636mmol)
withtetra-butylammonium fluoride(3.18mL,1.0M inTHF)inTHF(10mL)provided
compound666---888,whichwerepurifiedusingcolumnchromatographyonsilicagel60
(CH2Cl2:CH3OH=7:1).Deblocking ofBOC group of666---888(0.9 mmol)with ethereal
hydrochloricacid(10mL,2N HClsolutioninether)inanhydrousmethylenechloride
(10mL)followedbycolumnchromatographyonsilicagel60(CH2Cl2:CH3OH=5:1),
producedthedesiredcompounds(999---111111).

222---444...IIInnn---vvviiitttrrrooossstttaaabbbiiillliiitttyyyssstttuuudddyyy

Gastrointestinalstabilityofprodrugswasevaluatedat37℃ byincubatinga
drugsolution(5uM)withartificaldigestives.Thegastricjuiceconsistedof320mg
ofpepsin,200mg ofNaCl,and 2.4mL of0.1M HClin 100mL solution (pH1.2).
Artificialintestinaljuicecontained2.5gofpancreatinfrom porcineand100mLof
50mM K-phosphate buffer(pH6.8). Stabilities of L-Leucine-cytarabine,
L-Isoleucine-cytarabineandL-Aarginine-cytarabinewerealsoevaluatedat37℃ by
incubating adrugsolution(5uM)inthefreshplasmaandcellhomogenates.At
eachtimepoint,100uL ofsamplewascollectedandthemetabolicreactionwas
stoppedbyadding200uLofice-coldacetonitrilefollowedbyvigorousmixing.The
mixturewasthencentrifugedat3000rpm for10minat4℃ andthesupernatant
wasfiltered through a membrane filter(0.45um)and analyzed by HPLC.The
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chemicalstabilityofprodrugswasalsoexaminedinaqueoussolutionsofdifferent
pHs(1.2,6.8and8.0).

222---555...UUUppptttaaakkkeeessstttuuudddiiieeesssiiinnnCCCaaacccooo---222ccceeellllllsss

Cellswereseededin6-wellcultureplatesatadensityof105cells/mL.At14
days post-seeding,the cells were washed twice with pH6.0 uptake buffer
containing1mM CaCl2,1mM MgCl2,150mM NaCl,3mM KCl,1mM NaH2PO4,5mM
D-glucose, and 5mM MES. The initial uptake rates of cytarabine,
L-Leu-cytarabine,L-Ile-cytarabine,and L-Arg-cytarabinein Caco-2 cellswere
determinedat0.4and4mM toexaminetheconcentration dependency in their
cellularaccumulation.Eachdrugsolutionwasaddedtoeachwellandincubatedon
aplateshaker.Attheendof15minincubation,drugsolutionwasremovedand
thecellswerewashedthreetimeswithice-colduptakebuffer.Aftercelllysisby
adding 1mL ofMilli-Q water,cellswereharvestedandsonicatedfor1-2min.
Acetonitrilewasaddedtothecell lysate,vortexedrigorously,andcentrifugedfor
5min at 3000rpm. After filtration of the supernatant through a membrane
filter(0.45uM),sampleswereanalyzed by HPLC. Theprotein amountofeach
samplewasdeterminedwithBCA proteinassaykitfollowingthemanufacturer's
instruction (Sigma ChemicalCo.St.Louis,MO,USA).The stability ofdonor
solutionsofL-Leu-cytarabine,L-Ile-cytarabineandL-Arg-cytarabine abovethe
apicalmembraneofCaco-2cellmonolayerswasalsoexaminedduringtheuptake
studies to determine the extent of degradation of L-Leu-cytarabine,
L-Ile-cytarabineandL-Arg-cytarabinewhenincontactwithCaco-2monolayers.
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222---666...PPPhhhaaarrrmmmaaacccoookkkiiinnneeetttiiicccssstttuuudddiiieeesssiiinnnrrraaatttsss

Male sprague-Dawley rats (270-300g) were purchased from Dae Han
Laboratory AnimalResearch and Co.(Choongbuk,Korea),and given a normal
standardchow diet(No.322-7-1)purchasedfrom SuperfeedCo.(Gangwon,korea)
andtapwateradlibtum.Allanimalstudieswereperformedinaccordwiththe
principlesforBiomedicalResearchInvolvingAnimalsdevelopedbytheCouncilfor
InternationalOrgnizationsofMedicalSciencesandtheexperimentalprotocolswere
approvedbytheanimalcarecommitteeofChosunUniversity.Animalswerekept
inthesefacilitiesforatleastoneweekbeforetheexperimentandfastedfor24hrs
priortotheexperiments.Attheexperiment,rats(n=4pereachtreatment)were
givena10mg/kgofL-Ile-cytarabine,orcytarabineorally.Drugsweredissolvedin
salineand thedosing volumewas1mL foreach animal.Blood sampleswere
collectedfrom therightfemoralarteryat0,0.25,0.5,1,1.5,2,4, 8,12and24hr
post-doseandthencentrifugedat13,000rpm for10mintoobtaintheplasmafor
theHPLCassay.Allsampleswerestoredat-70℃ untilanalyzed.

222---777...HHHPPPLLLCCCAAAssssssaaayyy

DrugconcentrationsweredeterminedbyaHPLC assaydescribedasfollows.
Acyclovirand5-bromo-2'-dexyuridine(BDU)wereusedastheinternalstandardfor
theassayofcytarabineandprodrugs,respectively.Thechromatographicsystem
consistedofapump(LC-10AD)andautomaticinjector(SIL-10A).A UV detector
(SPD-10A)(Shimadzu Scienific Instruments, Japan) set at 240nm for
L-Leu-cytarabineor272nm forcytarabine,L-Ile-cytarabineandL-Arg-cytarabine.
Anoctadecylsilanecolumn(GeminiC18,4.6x250nm,5um;phenomenex,Torrance,
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CA,USA)waselutedwithamobilephaseataflow rateof1.0mL/min.The
mobile phase was 0.01M ammonium acetate buffer(pH 6.5)containing 9-30%
acetonitrileforprodrugsand0.01M ammonium acetatebuffer(pH4.5)containing1%
acetonitrileforcytarabine.Thecalibrationcurvefrom thestandardsampleswas
linearovertheconcentrationrangeof0.01ug/mLto5ug/mL.Thelimitofdetection
was0.01ug/mL.

222---888...SSStttaaatttiiissstttiiicccaaalllaaannnaaalllyyysssiiisss

Allthemeanswerepresentedwiththeirstandarddeviation.Statisticalanalysis
was performed using Student's t-testora one-way ANOVA,followed by a
posterioritesting with theuseoftheDunnettcorrection.A P value<0.05was
consideredstatisticallysignificant.
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                                                333...RRReeesssuuullltttsssaaannndddDDDiiissscccuuussssssiiiooonnn

333---111...SSSyyynnnttthhheeesssiiisssooofffNNN444---ppprrrooodddrrruuugggsssooofffcccyyytttaaarrraaabbbiiinnneee

Toreducetherapiddeaminationofcytarabine,N4-prodrugsofcytarabinewere
synthesizedbymaskingtheN4-aminogroupofacytosineringwithaminoacids
(L-isoleucine,L-leucineorL-arginine)asillustratedinFig.1.N4-prodrugswere
obtainedaswhitefluffypowderswiththepuritygreaterthan98% asdetermined
byHPLC.TheidentitiesofprodrugswereconfirmedbyH1-NMRasfollows.

LLL---AAArrrggg---cccyyytttaaarrraaabbbiiinnneee:::yield10%;1H NMR(DMSO-d6,300MHz)δ 7.67(d,
J=7.2Hz,1H),7.22(d,J=7.2Hz,1H),6.21(d,J=2.4Hz,1H),5.17(brs,2H),4.98(br
s,1H),4.32(d,J=3.3Hz,1H),4.21(s,1H),4.05(d,J=3.2Hz,1H),3.91(m.1H),3.70-3.61
(m,2H),1.70-1.62(m,2H),1.58-1.53(m,4H)

LLL---LLLeeeuuu---cccyyytttaaarrraaabbbiiinnneee::: yield24%;1H NMR(DMSO-d6,300MHz)δ 8.06(d,
J=7.2Hz,1H),7.17(d,J=7.2Hz,1H),6.02(d,J=7.2Hz,1H),5.66(s,1H),5.56(s,2H),
5.28(s,1H),4.22(s,1H),4.05(s,1H),3.90(m.1H),3.66-3.57(m,2H),2.90(m,2H),
1.97(m,1H),0.95(m,6H).

LLL---IIIllleee---cccyyytttaaarrraaabbbiiinnneee::: yield24%;1H NMR (DMSO-d6,300MHz)δ 7.70(d,
J=6.0Hz,1H),7.52(d,J=6.0Hz,1H),5.99(d,J=3.0Hz,1H),5.52(s,2H),5.28(s,1H),
4.54(s,1H),4.37(s,1H),4.12(s,1H),3.98(s,d,J=6.8Hz,1H),3.65(m,2H),2.93(m,
2H),1.94(m,1H),0.97(m,5H),0.82(m,3H).

333---222...IIInnn---vvviiitttrrrooossstttaaabbbiiillliiitttyyyssstttuuudddyyy

Thegastrointestinalstabilityofprodrugswasexaminedbyusingtheartificial
digestives.As shown in Fig.2 and 3,L-Ile-cytarabine and L-Leu-cytarabine
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appearedtomorestableintheartificialintestinalfluidthaninthegastricjuice.
Thedisappearancehalf-lifeofL-Ile-cytarabineandL-Leu-cytarabinewasabout
2.5～3.0hrsintheartificialgastricjuice.Consideringthatorallyadministeredsolid
preparationsweretransferredtothesmallintestinewithin1hrafteradministration
underthefastedcondition,(16)thestabilityofL-Ile-cytarabineandL-Leu-cytarabine
ingastricjuiceappearedtobeappropriatefortheoraldeliveryofcytarabine.The
degradation of L-Ile-cytarabine and L-Leu-cytarabine was negligible in the
artificialintestinalfluidoverthe4hr-incubation.IncontrasttoL-Ile-cytarabine
andL-Leu-cytarabine,L-Arg-cytarabinewasrapidlydisappearedwithin5minin
allthetested biologicalmedia.Thereforetheutility ofL-Arg-cytarabineasa
prodrug fortheoraldelivery ofcytarabineshould beminimal.Collectively,the
in-vitrostabilitystudiesindicatedthatL-Ile-cytarabineandL-Leu-cytarabinecould
bestableintheintestinallumenaftertheoraladministration.

As shown in Fig.4.L-Ile-cytarabine and L-Leu-cytarabineappeared to be
stable in fresh ratplasma and Caco-2 cellhomogenates.The degradation of
L-Ile-cytarabine and L-Leu-cytarabine was negligible in fresh ratplasma and
Caco-2 cell homogenates over the 4 hr-incubation. Results indicated that
L-Ile-cytarabineandL-Leu-cytarabineshouldberesistanttothedegradationby
plasma.Thechemicalstability of L-Ile-cytarabineand L-Leu-cytarabinewere
also examined in aqueous solutions of different pHs(1.2, 6.8, 8.0). While
L-Ile-cytarabineandL-Leu-cytarabinewerestableinaqueoussolutionsofpH 6.8
andpH 8.0,thehydrolysisofamidebondappearedtoberatheracceleratedin
acidicpH andthedisappearancehalf-lifeofL-Ile-cytarabineandL-Leu-cytarabine
wereapproximately1.2and2.9hrintheaqueoussolutionofpH1.2(Fig.5).Overall,
in-vitrostabilitystudiesindicatedthatL-Ile-cytarabineandL-Leu-cytarabinewere
metabolicallystableinplasmaandCaco-2cells.However,inthecaseofchemical
stability,thehydrolysisofprodrugappearedtoberatheracceleratedinacidicpH.
Considering thatthe tumorpH is on average,lowerthan the pH ofnormal
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tissues(31),chemicalhydrolysisofL-Ile-cytarabineandL-Leu-cytarabinemay be
morefavorableintumorcells.

333---333...CCCeeelllllluuulllaaarrruuuppptttaaakkkeeessstttuuudddiiieeesss

Thecellularuptakecharacteristicsofprodrugsaswellasparentdrugwere
evaluatedinCaco-2cells.Asexpectedfrom themetabolicinstabilityinartificial
digestives,L-Arg-cytarabinewasrapidlyconvertedtoitsparentdrugbeforethe
permeationacrosstheapicalmembraneofCaco-2cells,sothatthecellularuptake
profileofL-Arg-cytarabineshouldbesimilartothatofitsparentdrug.Indeed,as
showninFig.5,thecellularuptakeofL-Arg-cytarabinewassimilartothatfrom
itsparentdrugwhileL-Ile-cytarabineandL-Leu-cytarabineappearedtobe6～8
foldsmorepermeableacrosstheapicalmembraneofCaco-2cellscomparedto
cytarabine.In addition,the membrane permeability of L-Arg-cytarabine and
cytarabinewasnotchangedregardlessoftheincreaseofdugconcentration,while
thepermeabilityofL-Ile-cytarabineandL-Leu-cytarabinedecreasedsignificantly
as drug concentration increased from 0.4 to 4mM.This resultsuggests that
saturabletransportpathwaysmayinvolveinthecellularuptakeofL-Ile-cytarabine
andL-Leu-cytarabine whilethepassivediffusioncouldbepredominantduringthe
incubationofL-Arg-cytarabineandcytarabine.Takenalltogether,L-Ile-cytarabine
andL-Leu-cytarabineexhibitedtheappropriategastrointestinalstabilityandmuch
greatercellularaccumulationcomparedtotheparentdrug.

333---444...PPPhhhaaarrrmmmaaacccoookkkiiinnneeetttiiicccssstttuuudddiiieeesss

TheplasmapharmacokineticprofilesofL-Ile-cytarabineandcytarabinewere
determinedin ratsandsummarizedin Table1.TheAUC andterminalplasma
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half-lifeofL-Ile-cytarabinewereprolongedby2.7and2-fold,respectively,butthe
appearanceofcytarabinewasdidnotobserved aftertheoraladministrationoralof
L-Ile-cytarabine.

Themetabolicconversionoftheprodrugtotheparentdrugdidnotappearto
besufficienttoensurethetherapeuticeffectivenessin thetreatmentoftumors,
although L-Ile-cytarabinecould preventtherapid deamination ofcytarabineby
masking the N4-amino group ofthe cytosine ring.Furtherstudies should be
required forthe considerable tuning ofthe metabolic stability ofprodrugs by
varyingitsaminoacidcompnent.
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4. Conclusions

ThepresentstudyhasdemonstratedthatL-Ile-cytarabineand
L-Leu-cytarabineweremorepermebleacrosstheapicalmembraneofCaco-2cells
thancytarabine.TheseresultsalsosuggestthatL-Ile-cytarabineand
L-Leu-cytarabinecouldbeeffectivetoimprovetheoralabsorptionofcytarabine
viathecarrier-mediatedtransportpathways.However,duetothelow metabolic
conversiontotheparentdrug,theutilityofprodrugscouldbelimited..
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TTTaaabbbllleee111...MeanpharmacokineticparametersofL-Ile-cytarabineandcytarabineafter
anoraladministrationtorats(Mean±SD,n=4)

*p<0.05,comparedtothecontrol

DDDrrruuugggsss CCCyyytttaaarrraaabbbiiinnneee LLL---IIIllleee---cccyyytttaaarrraaabbbiiinnneee

Analytes Cytarabine Cytarabine L-Ile-cytarabine
Cmax(ng/mL) 876±193 ㅡ 1570±385*
Tmax(hr) 1.9±0.3 ㅡ 1.9±0.3
AUC(ug*hr/mL) 4600±1070 ㅡ 12400±1730*
T1/2 (h)                  2.3±0.4                     ㅡ              4.5±0.7*



PPPaaarrrttt222
                                            국문초록국문초록국문초록국문초록

흰쥐에서  흰쥐에서  흰쥐에서  흰쥐에서  MethotrexateMethotrexateMethotrexateMethotrexate의 의 의 의 신배설 신배설 신배설 신배설 감소를 감소를 감소를 감소를 통한  통한  통한  통한  

생체이용률의 생체이용률의 생체이용률의 생체이용률의 증가 증가 증가 증가 

본 연구는 흰쥐에서 morin 이 Methotrexate(MTX)의 약물동력학적특성에 미치는  

영향을 연구하였다. 동물실험에서 대조군은   MTX(2mg/kg)만  정맥투여했고 병용투

여군은 Morin(25mg/kg) 과  MTX(2mg/kg)을 같이 투여하였다. 그 결과 병용투여군

은 대조군에 비해 MTX 의 신장클리어런스와 총 클리어런스는 각각 42%, 58% 감소

하였다. 또한  morin 과 병용투여했을 경우 MTX의 혈장내  농도는 대조군보다 유의

성있게 증가했고 체내 평균체류시간과 혈장 반감기도 대조군에 비해 각각  3.3배와  

2.4배 높았다. 

MTX의 세포내 축적 실험에서는 hOAT1 또는 hAOT3가 과다발현된 MDCK 세포

를 사용하였다. 동물실험과 마찬가지로 대조군은 MTX(20uM)만 사용했고 병용투여군

은 MTX 와 Morin(100uM)을 같이 사용하였다. 세포실험의 결과를 보면  hOAT1이 

발현된 MDCK 세포에서 병용투여군이 대조군에 비하여 MTX 의 세포내 축적이 유의

성있게 감소하였으나  hOAT3 가 발현된 MDCK 세포에서는 유의성있는 차이가 나타

나지 않았다. 

결과적으로 동물실험과 세포실험 모두에서 Morin 은 MTX 의  약물동력학적 특

성에 현저한 영향을 미침을 알수있는데, 이는 주로 Morin이 MTX의 신장배설을 억제

시키기때문으로 Morin의 MTX에 대한 신배설억제에는 신장에 분포하는 OAT1이 관여

한다는것을 알수있다.
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Abstract

 

EEEnnnhhhaaannnccceeeddd SSSyyysssttteeemmmiiiccc AAAvvvaaaiiilllaaabbbiiillliiitttyyy ooofffMMMeeettthhhoootttrrreeexxxaaattteee iiinnn ttthhheee
PPPrrreeessseeennnccceeeooofffMMMooorrriiinnniiinnnRRRaaatttsss

 

The present study aimed to investigate the effect of morin on the
pharmacokineticsofmethotrexate(MTX)in rats.Pharmacokineticparametersof
MTX were determined in rats following an intravenous administration of
MTX(2mg/kg)inthepresenceandabsenceofmorin(25mg/kg,po.).Thecellular
accumulation of MTX was also examined by using MDCK cells stably
overexpressinghOAT1orhOAT3.ComparedwiththecontrolgivenMTX alone,
pretreatmentwithmorin15minpriortoMTX administrationsignificantlyaltered
thepharmacokineticsofMTX inrats.RenalclearanceandtotalclearanceofMTX
werereducedby42% and58%,respectively,inthepresenceofmorin.Accordingly,
thesystemicexposureofMTX intheratspretreatedwithmorinwassignificantly
higherthan thatfrom thecontrolgroup.Themean residencetime(MRT)and
terminalplasmahalf-lifeofMTX wereprolongedby3.3-and2.4-fold,respectively,
by the concurrentuse ofmorin.The cellular uptake ofMTX (20uM)was
significantlyreducedbytheco-incubationwithmorin(100uM)inMDCK-hOAT1
cells butnotin MDCK-hOAT3 cells.Taken together,morin appeared to be
effectiveinalteringthepharmacokineticsofMTX inrats,likelybytheinhibition
ofOAT1-mediatedrenalexcretion.
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1. Introduction

Methotrexate (MTXˏ 2ˏ4-diamino-N10-methylpteroyl-L-glutamic acid), a
classicalantifolate,hasbeen usedinthetreatmentofvarioushumanneoplastic
disorders including childhood acute leukemia, head and neck cancer and
osteosarcoma(1-3).MTX isalsousedin othernon-malignantconditionsincluding
psoriasisandrheumaticdisease(4ˏ5).AsthesideeffectsofMTX includeacuterenal
failure,bonemarrow depressionandhepatitisthroughanincreaseinbloodMTX
levelswhenitwascoadministeredwithotherdrugs(6ˏ7),thepredictionofpotential
drug interactionswith MTX shouldbeimportantin combination therapy.Some
previous studies have reported life threatening interactions of MTX with
conventionaldrugs orplantextracts(8-10).Forexample,the coadministration of
PuerarialobatarootdecoctiondecreasedtheeliminationofMTX andresultedin
markedlyincreasedsystemicexposureandtoxicityofMTX inrats(10).Probenecid
inhibited the tubularsecretion ofMTX and thus increased the plasma MTX
concentrationby2-to3-fold(8ˏ9).

Recently flavonoids have gained much attention as complementary and
alternative medicines due to their beneficialeffects on human health(11ˏ12).In
particular,morin(3ˏ5ˏ7ˏ2'ˏ4'-pentahy-droxy-flavone)appearedtobenon-toxic(13)and
displayedavariety ofbiologicalactionssuchasanti-allergic,anti-inflammatory,
antimutagenicand anticarcinogeniceffects (14ˏ15).Moreoverthey areeffectiveas
modulators ofpharmacokinetics orcellularuptake ofcertain therapeutic drugs
including diltiazem,paclitaxeland gamma-hydroxybutyrate(16-18).Recently itwas
also demonstrated thatmorin could modulate the transportactivity ofhuman
organicaniontransporter1(hOAT1)byusingtransfectedMDCK cells(19).Given
thatMTXcanbetakenupbyorganicaniontransportersonthebasolateralsideof
theproximaltubulein kidney (20),therecould beapotentialdrug interaction
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between MTX and morin by themodulation ofrenalexcretion.Therefore,this
studyaimedtoinvestigatetheeffectofmorinonthepharmacokineticsofMTX in
rats.
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2. Materials and Methods

222---111...MMMaaattteeerrriiiaaalllsss
MTX (4-amino-10-methylfolic acid),morin and 5-bromo-2'-deoxyuridine

were obtained from Sigma Chemicals (StLouis,MO,USA).Acetonitrile and
methanolwere purchased from Merck Co.(Darmstadt,Germany).Fetalbovine
serum(FBS),cellculture media,antibiotics and allotherreagents used in cell
culturestudieswerepurchasedfrom SeolinScienceCo.(Seoul,Korea).Madin-Darby
canine kidney cells stably transfected with hOAT1(MDCK-hOAT1 cells)were
kindly provided by DrJohn B.Pritchard(NIEHS,North Carolina,USA).MDCK
cellsoverexpressinghOAT3(MDCK-hOAT3cells)weregeneratedasdescribedin
apreviousreport(21)andthefunctionalexpressionofhOAT3wasconfirmedbythe
uptakeof[H3]-estronesulfate.Allotherchemicalswerereagentgradeandallthe
solventsusedwereHPLCgrade.

222---222...CCCeeellllllcccuuullltttuuurrreee

MDCK cellswereroutinelymaintainedinDulbecco'smodifiedEagle'smedium
(DMEM)containing10% FBS,1% nonessentialaminoacidsˏ 1mM sodium pyruvateˏ 

1% L-glutamineandpenicillin(100U/mL)streptomcin(100mg/mL).MDCK-hOAT1
and MDCK-hOAT3 cells were maintained in the same media added with
G-418(200ug/mL)orblasticidinS(2ug/mL)ˏ respectively.Allcellsweremaintained
inanatmosphereof5% CO2and90% relativehumidityat37℃.
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222---333...CCCeeelllllluuulllaaarrruuuppptttaaakkkeeessstttuuudddyyyooofffMMMTTTXXX

Cellswereseededin6-wellcultureplatesatadensityof105cells/cm2.At5
dayspost-seeding,thecellswerewashedtwicewithpH 7.4uptakebufferand
thenwereincubatedwithadrugsolutioncontaining20uM MTX intheabsence
and thepresenceof100uM morin.Attheend of15min incubation,thedrug
solution was removed and the cells were washed three times with ice-cold
phosphate-buffered saline.After the celllysis,the cells were harvested and
sonicatedfor1-2min.Acetonitrile(1mL)wasaddedtothecelllysate,vortexed
rigorouslyandcentrifugedfor5minat3000rpm.Afterfiltrationofthesupernatant
through a membranefilter(0.45uM),thesampleswereanalysed by HPLC.The
protein amountofeach samplewasdetermined with aBCA protein assay kit
followingthemanufacturer'sinstruction(SigmaChemicalCo,StLouisˏ MOˏ USA).

222---444...PPPhhhaaarrrmmmaaacccoookkkiiinnneeetttiiicccssstttuuudddiiieeesssiiinnnrrraaatttsss

Male Sprague-Dawley rats (270-300g) were purchased from Dae Han
LaboratoryAnimalResearchandCo.(Choongbuk,Korea),andhadfreeaccessto
normalstandardchow (Jaechow,korea)andtapwater.Theanimalswerekeptin
thesefacilitiesforatleast1weekbeforetheexperimentandfastedfor24hprior
totheexperiments.Onthedayofexperiments,MTX(2mg/kg)wasadministered
intravenously to rats with and without pretreatment with rats with morin
(25mg/kg)orally15minpriortoMTX administration.Bloodsampleswerecollected
from thefemoralarteryat0ˏ 0.083ˏ 0.25ˏ 0.5ˏ 1ˏ 2ˏ 4ˏ 8ˏ 12and24hpostdose.Urine
wasalso collected for24h from thesamegroup ofrats.Blood sampleswere
centrifugedtoobtainplasma.Urinesampleswerecentrifugedfor10minat3000rpm
andthenpassedthroughamembranefilter(0.45uM).Allsampleswerestoredat
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-70℃ untilanalysed.

222---555...HHHPPPLLLCCCAAAssssssaaayyy

TheconcentrationsofMTX weredeterminedbyaHPLC assayasdescribed
byUedaetal(22).Inbrief.20ul(10ug/ml)ofaminopterinasanintemalstandard
wasto200ulplasmasamplesandthesamplesweredeproteinizedbyadding400ul
acetonitrile.After centrifugation of the samples at 13000rpm for 10min,the
supematantwascompletelyevaporatedfordryness.Theresiduewasreconstituted
with200ulofthemobilephase,andthen50ulaliquotswereinjecteddirectlyinto
theHPLC system(Shimadzu ScientificInstruments,Japan).Thechromatographic
system consistedofapump(LC-10AD),anautomaticinjector(SIL-10A)anda
UV detector(SPD-10A)(ShimadzuScientificInstrumentsˏ Japan)setat320nm.An
octadecylsilanecolumn(GeminiC18ˏ 4.6×250mmˏ 5um;Phenomenexˏ Torranceˏ CAˏ 

USA)was eluted with a mobile phase consisted of0.01M ammonium acetate
buffer:acetonitrile(94:6ˏ V/V %)forplasmasamplesand0.01M KH2PO4(PH 6.3):
acetonitrile:methanol(92.5:6:1.5ˏ V/V/V%)forurinesamples.Thestandard
curvescoveredthedrugconcentrationsof0.01～5ug/mL(Fig.10).

222---666...PPPhhhaaarrrmmmaaacccoookkkiiinnneeetttiiicccaaannnaaalllyyysssiiisss
ThepharmacokineticparametersofMTX wereobtainedbynoncompartmental

analysisusingWinNonlinversion2.1(Pharsightˏ MountainViewˏ CA).Thearea
underthe plasma concentration-time curve(AUC)and the area underthe first
moment-timecurvefrom timezerotoinfinity(AUMC)werecalculatedusingthe
lineartrapezoidalmethod.Andthemeanresidencetime(MRT)wascalculatedby
AUMC/AUC.Theterminaleliminationrateconstant(λz)wasestimatedfrom the
slopeoftheterminalphaseofthelogplasmaconcentration-timepointsfittedby
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themethodofleastsquaresˏ andthentheterminaleliminationhalf-life(T1/2)was
calculatedas0.693/λz.Thetotalclearance(CL)wasestimatedbydividingdoseby
AUCandtheapparentvolumeofdistributionatsteadystate(Vdss)wascalculated
asCLmultipliedbyMRT.Renalclearance(CLr)wasdeterminedasCLr=Ae/AUCˏ 

where Ae (amount of unchanged drug eliminated in urine) and AUC were
measuredoverthesametimeinterval.

222---777...SSStttaaatttiiissstttiiicccaaalllaaannnaaalllyyysssiiisss
Alldata are expressed as the mean±SD.The statisticalsignificance of

differencesbetweentreatmentswasevaluatedusingtheunpairedStudent'st-testˏ 

andavalueofp<0.05wasconsideredtobestatisticallysignificant.                                
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                                                    3. 3. 3. 3. Results Results Results Results and and and and Discussion Discussion Discussion Discussion 

Themeanplasmaconcentration-timeprofilesofMTX inthepresenceandthe
absence of morin are illustrated in Figure 11. The mean pharmacokinetic
parametersofMTX arealsosummarizedinTable2.Kurodaetal(23).demonstrated
thattheintravenouspharmacokineticsofMTX waslinearoverthedoserange
0.5-2.5mg/kginrats.Thereforeˏ consideringtheassaysensitivityaswellasthe
doserangeforthelinearpharmacokineticsˏ MTX wasdosedat2mg/kg in the
present study and achieved a plasma level comparable to the therapeutic
concentrationsinhumans(9).AsshowninTable2ˏ pretreatmentwithmorin15min
priortoMTX administrationsignificantly(p<0.05)alteredthepharmacokineticsof
MTX inratsˏ comparedwiththecontrolgivenMTX alone.Renalclearanceand
totalclearanceofMTXdecreasedby42% and58% ˏ respectivelyˏ inthepresenceof
morin. Consequentlyˏ the systemic exposure (AUC) of MTX was
significantly(p<0.05)higherthanthecontrolgivenMTX alone.Furthermoreˏ the
meanresidencetime(MRT)andterminalplasmahalf-lifeofMTX wereprolonged
by3.3-and2.4-foldˏrespectivelyˏ bytheconcurrentuseofmorin.Takentogetherˏ 

pretreatmentwithmorinpriortoMTX administrationsignificantlyalteredtherenal
excretionandplasmapharmacokineticsofMTXinrats.

ThealteredrenalexcretionofMTX inthepresenceofmorinmaybecaused
bycompetitionbetweenMTX andmorinforthetransportsystem suchasorganic
anion transporters(OATS)expressed in therenalproximaltubulesˏ considering
thatMTX canbetakenupbyOAT1andOAT3acrossthebasolateralmembrane
ofproximaltubules(20ˏ24ˏ25)andmorincanalsointeractwiththosetransporters(19).
Thereforeˏ thecellularuptakeofMTXwasdeterminedinthepresenceandabsence
ofmorinbyusingtransfectedMDCK cellsoverexpressinghOAT1orhOAT3.As
shown in Figure 12ˏ the cellular accumulation of MTX in MDCK-hOAT1
significantly decreasedin thepresenceofmorin whiletherewasnochangein
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MDCK-hOAT3cells.Thisresultsuggeststhatmorinmightbemoreeffectivein
inhibitingthehOAT1-mediatedcellularuptakeofMTX thanthehOAT3-mediated
uptakeofMTX.Thereforeˏ thealteredpharmacokineticsofMTXviatheconcurrent
useofmorinmightbeexplainedˏ atleastinpartˏ bytheinhibitioneffectofmorin
on the OAT1-medated renalexcretion ofMTX.Some previous studies also
reportedthatprobenecidandpiperacillinsignificantlyreducedtherenalelimination
ofMTXˏ probablybyblockingtheorganicaniontransport system inkidney(9ˏ26).
Howeverˏ sinceMTX andmorincouldbealsorecognizedby othertransporters
including P-gp and MRPs(27-29)ˏ additional mechanisms for pharmacokinetic
interactionbetweenMTXandmorinshouldnotbeexcludedatthismoment.

ConsideringthattheurinaryclearanceofMTXaccountsforapproximately70%
to 90% ofthe totalclearance in humans (9)ˏ

 the interaction involving urinary
excretion between MTX and morin may have more profound impacton the
pharmacokineticsofMTX inhumansthanthatobservedinrats.Thereforeˏ the
clinicalimportanceofthisfindingshouldbefurtherinvestigatedinclinicalstudies.
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444...CCCooonnncccllluuusssiiiooonnn

Pretreatmentwith morin significantly enhanced the systemic exposure of

intravenously administered MTX.Thereforeˏ the concomitantuse ofmorin or
morin-containingdietarysupplementswithMTX mayrequireclosemonitoringfor
potentialdruginteractionsinclinics.
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FFFiiiggg...999:::structureofMTX

Methotrexate
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FFFiiiggg... 111222::: Mean plasma concentration-time profiles of MTX after an
intravenousadministrationofMTX (2mg/kg)toratsinthepresenceandabsence
ofmorin(Mean±SD,n=4).
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TTTaaabbbllleee 222::: Pharmacokinetic parameters of MTX following an intravenous
administrationofMTX (2mg/kg)toratsinthepresenceandtheabsenceof
morin(Mean±SD,n=4).

*p<0.05,comparedwiththecontrolgroupgivenMTXalone.

PPPaaarrraaammmeeettteeerrr MMMTTTXXX MMMTTTXXX +++MMMooorrriiinnn

AUC0-∞ (ng.h/mL) 2340±329 5550±664*
CL(1/h/kg) 0.876±0.118 0.364±0.046*
CLr(1/h/kg) 0.156±0.092 0.091±0.022*
Vdss(1/kg) 1.71±0.684 2.37±0.918
T1/2 (h)                       3.1±1.4                   7.5±3.4*
MRT(h)                       2.0±0.78 6.5±2.6*
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FFFiiiggg...111333:::Celluaruptake ofMTX in MDCK-hOAT1 and MDCK-hOAT3
cells(Mean±SD,n=3).Cellswereincubated with MTX(20uM)for15min in the
presenceandabsenceofmorin(100uM).*p<0.05,comparedwiththecontrolgroup
givenMTXalone.


	Part1
	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	4. Conclusion
	5. References

	Part2
	Abstract
	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	4. Conclusion
	5. References


