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ABSTRACT



Evaluationofherb-druginteractionsof

xanthophyllsandfermentedGinsengextract

focusedoninhibitoryeffectsofhumanhepatic

cytochromeP450sandUDP-gluronosyltransferases

Herb-druginteractionshavereceivedmoreattentionrecentlybecause

ofthewidepopularityofherbalsupplementsordietarysupplements.

Astaxanthin,β-cryptoxanthin,canthaxanthin,lutein,and zeaxanthin,

themajorxanthophylls,arewidelyusedandstudiedbecauseoftheir

activities as antioxidants, their roles in preventing cancer or

age-related macular degeneration.BST204,a fermented ginseng

extract,containsofhighconcentrationsofRh2(over5.0%)andRg3

(over10.0%),whereascrudeginsengextractcontainsnon-detectable

Rh2andonlylow concentrationsofRg3.Itwastransformedfrom the

crudeginsengwithginsenoside-β-glucosidaseandacidhydrolysisto

enrichboth20(R)and20(S)ginsenosideRg3and20(R)and20(S)

ginsenosideRh2.Recentstudiesitshowedanti-tumoreffects.The

object was to investigate the herb-drug interactions of five

xanthophyllsandBST204oninhibitionofhumanhepaticcytochrome

P450s (CYP1A2,CYP2A6,CYP2B6,CYP2C8,CYP2C9,CYP2C19,

CYP2D6,CYP2E1 and CYP3A4/5)and UDP-gluronosyltransferases

(UGT1A1,UGT1A4,UGT1A6,UGT1A9,UGT2B7)in human liver

microsomes.We also firstexplore the stereo selective effects of

ginsenosideRg3andRh2emipers(R-Rg3,S-Rg3,R-Rh2andS-Rh2)



on theinhibitory effectsofhuman hepaticcytochromeP450sand

UDP-gluronosyltransferases.

AccordingtoUSFDA guidelines,phenacetin(50μM),coumarin(5μ

M),bupropion(50μM),rosiglitazone(1μM),tolbutamide(100μM),

S-mephenytoin(100μM),dextrophan(5μM),chlorzoxazone(50μM)

and midazolam (5 μM)were chosen as substrates ofCYP1A2,

CYP2A6,CYP2B6,CYP2C8,CYP2C9,CYP2C19,CYP2D6,CYP2E1

and CYP3A,respectively.Cocktails,testcompounds and NADPH

re-generating system wereincubated 15min after5pre-incubation

with human liver microsomes (HLMs) in vitro for competitive

screening.Time-dependentinhibition (TDI)experiments were also

executed. The xanthophlls, HLMs with/without NADPH were

incubated at37℃ for 30 min and then were partly shifted to

substratessolutionsforcontinued15minincubations.Ontheother

hand,wechoseβ-estradiol(10μM),trifluoperazine(40μM),serotonin

(4000μM),propofol(100μM),andzidovudine(100μM)assubstrates

ofUGT1A1,UGT1A4,UGT1A6,UGT1A9,andUGT2B7,respectively.

Testcompounds,humanlivermicrosomes(HLMs)(0.25mg/ml),100

mM Tris-HClbuffer (pH 7.5),MgCl2 (5 mM),substrate,and

alamethicin (25 μg/mL) were pre-incubated on ice to allow

alamethicin pore formation in vitro for30 min.Incubations were

commencedwiththeadditionofUDPGA (5mM)toafinalincubation

volumeof0.1mlandincubatedat37°Cfor30minor60min.

TheresultsshowedthatxanthophyllsandfermentedGinsengextract

playignorableeffectsonthereversibleandirreversibleinhibitionsof

9CYPs.But,β-cryptoxanthin,canthaxanthinandzeaxanthinshowed



inhibitoryeffectsonUGT1A1withIC50 23.68,36.74and42.57 μM,

respectively.β-cryptoxanthinand luteinalsoplayedinhibitoryeffect

onUGT1A4.BST204inhibitedUGT1A1,1A9,2B7withIC50 values

13.80,24.59and30.83μg/mL,respectively.S-Rg3,notR-Rg3,showed

inhibitoryinteractiontowardUGT1A9and2B7.Kineticconstants(Ki)

ofBST204onUGT1A1,1A9,2B7enzymeswere27.38,17.53,32.51μ

g/mL,respectively.TheKiofS-Rg3inhibited UGT1A9and 2B7

were8.33and24.89μM,respectively.

BasedontheIC50 valuesofthesefivexanthophyllsandfermented

Ginsengextract(BST204)onCYPsweremarkedlygreaterthanthe

Cmax values,itisunlikelythatthesefivexanthophylls,andBST204,

from thedietornutritionalsupplementsalterthepharmacokineticsof

drugs metabolized by CYPs.In addition,theinhibitory effects of

xanthophyllsonUGTswereignorableduetothemuchhigherIC50or

Ki.However,further study about BST204 on the inhibition of

UGT1A1,UGT1A9,UGT2B7arestillneeded.Thesefindingsprovide

someusefulinformationforthesafeandeffectiveuseoftheseherbs

inclinicalpractice.

KeyWords:herb-druginteraction,xanthophylls,BST204,

Ginsengextract,LC-MS/MS

StudentNumber:2011-30824
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A.INTRODUCTION
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Although drug-drug interactions may be identified during drug

developmentandapproval,food/supplement-drug interactionsshould

notbeoverlooked.Naturalhealth products arebeing increasingly

widely used. Apart from an appraisal of product safety and

effectiveness,attention should bepaid to thepotentialthatthese

product ingredients may interact with medications (Bailey and

Dresser,2004).Unpredicteddrug-druginteractionshaveledtosevere

adverseeffectsorfailuretotreatments.Manyoftheseinteractions

involveinhibitionorinductionofdrug-metabolizingcytochromeP450

(CYPs)andUDP-gluronosyltransferases(UGTs)enzymes.Similarly,

dietarysupplementornutrientsmaybeinhibitorsofCYP orUGT

enzymes and have an effect on the pharmacokinetics of any

co-medicateddrugs.

Thexanthophylls,amajorgroupofcarotenoids,primarily include

astaxanthin,β-cryptoxanthin,canthaxanthin,lutein,zeaxanthinandso

on(Figure1).Theyhavebeenwidelyusedandstudiedasbeneficial

foodcomponentsassociatedwiththeirantioxidantactivities(Milleret

al.,1996)andthepossibilityoftheirusereducingtheincidenceof

chronicdiseases(Higuera–Ciaparaetal.,2006).Astaxanthin,oneof

themain pigmentsin crustacean,salmonid,and otherfarmed fish

feed,hasbeenusedforprotectingorganismsagainstawiderangeof

ailments, such as cardiovascular problems, diabetes, chronic

inflammatorydiseases,differenttypesofcancer,andsomediseasesof

theimmunologicalsystem duetoitsoutstandingantioxidantactivities

(Higuera–Ciaparaetal.,2006;Husseinetal.,2006;Yuanetal.,2011).

β-cryptoxanthin,foundinfruitsandvegetablessuchasgreengrapes,
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coriander,parsley,and basil,has been shown to function as an

antioxidantinmanyinvitrosystems(Lorenzoetal.,2009).Intakeof

acanthaxanthin-richdiethasbeenassociatedwithadecreasedrisk

ofcancer(JewellandO’Brien,1999).Interestingly,canthaxanthinis

widely used as a food color additive and is also included in

pharmaceuticaltabletsusedforphotosensitivedisordertreatmentsand

tanningpills(Lyanetal.,2001).Luteinandzeaxanthinaretwomajor

carotenoids in the human macula and retina (Bone etal.,1988;

Handelmanetal.,1988).Inthediet,darkgreenleafyvegetables,corn,

and egg yolk contain the highest concentrations of lutein

(Sommerburg etal.,1998).Zeaxanthin is found in corn,orange

pepper,oranges,andtangerines.Luteinandzeaxanthinareimportant

nutrients for the prevention ofage-related macular degeneration

(Richer et al.,2004;Zhao and Sweet,2008;Ma et al.,2012).

Unpredicteddrug-druginteractionshaveledtosevereadverseeffects

orfailuretotreatments.Manyoftheseinteractionsinvolveinhibition

orinductionofdrug-metabolizingCYPenzymes(Iwataetal.,2005).

There are few reports of about interactions between

drug-metabolizingenzymesandthesefivexanthophylls.Gradeletetal

(1996)reportedthatastaxanthinandcanthaxanthinweresubstantial

inducersofphaseIenzymessuch asCYP1A1,CYP1A2,and the

phaseIIenzyme4NP‑UGT inrats.β-cryptoxanthinresultedina

23% increase in liver glutathione S-transferase activity in rats

(Gradeletetal.,1996).Inhumanhepatocytes,astaxanthinappearedto

induce CYP2B6 and CYP3A4 (Kistleretal.,2002).However,the

inhibitory activities of these xanthophylls on CYPs and UGTs
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isozymesinhumanlivermicrosomeshavebeenlittleinvestigated.

Asweknow,ginsenosideswerethemaincomponentsofGinseng,

whichisthewidelyusedasakeyherbinAsiancountriesassociated

with thebenefitofimmunefunctions,blood pressure,metabolites,

cancer,endocrine,cardiovascular,andsoon(Atteleetal.,1999;Chen

etal.,2008).Unlikecrudeginsengextractwithnon-detectableRh2

and only low concentrations of Rg3,BST204 contains of high

concentrationsofRh2(over5.0%)
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Figure1.Chemicalstructuresofastaxanthin(A),β-cryptoxanthin

(B),canthaxanthin(C),lutein(D),andzeaxanthin(E).
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andRg3(over10.0%)thatmay supportbettereffectstopeople

(Seoetal.,2005a).Itwasatransformedform ofthecrudeginsengwith

ginsenoside-β-glucosidaseandacidhydrolysistoenrichboth20(R)

and 20(S)ginsenosideRg3 and 20(R)and 20(S)ginsenosideRh2

(R-Rg3,S-Rg3,R-Rh2 and S-Rh2,Figure 2),which have been

showed anti-tumoreffects(Seo etal.,2005b,Yang etal.,2012).

Much research has been focused on the stereoselective

pharmacologicaleffects ofginsenoside Rg3 and Rh2 epimers.For

example,Weihas demonstrated that Rg3 was stereo specificin

antioxidant activities as Rf or mexhibited significantly higher

antioxidanteffectsthanSform (Weietal2012a);20(R)-Rg3hasmore

potentadjuvantactivitythan20(S)-Rg3relatedtostereospecificin

stimulation of the immune response (Weietal.,2012b);however,

20(S)-ginsenosideRg3showedantioxidative,anti-inflammatory,and

matrix metalloproteinaseinhibitory activitiesin culturedmammalian

celllines (Shinetal.,2013);Only ginsenoside 20(R)-Rh2 showed

selectiveosteoclastgenesisinhibitoryactivitywithoutanycytotoxicity

(Lietal.,2010);20(S)-GinsenosideRh2againstdoxorubicin-induced

cardiotoxicity (Wang et al.,2012); Only ginsenoside 20(S)-Rh2

showed proliferation inhibition on androgen-dependent and

-independentprostatecancercells(Liuetal.,2010).Theseresults

impliedthatthestereochemistryofthehydroxylgroupatC-20may

playanimportantroleinpharmacologicalactivities.So,itimpliedus

thatstructuralisomerism may also show differentimpactsduring

drugmetabolism.

The aim ofthe presentstudy is to investigate the herb-drug
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Figure 2. (A)~(D). Chemical structures of ginsenoside Rg3

R-form,ginsenosideRg3 S-form,ginsenosideRh2 R-form and

ginsenosideRh2S-form.

interactionsoffivexanthophyllsandBST204oninhibitionofhuman

hepaticcytochromeP450sandUDP-gluronosyltransferasesinhuman

livermicrosomes.Wealsofirstexplorethestereoselectiveeffectsof

ginsenosideRg3andRh2emipers(R-Rg3,S-Rg3,R-Rh2andS-Rh2)

ontheinhibitotyeffectsofCYPsandUGTs.
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B.MATERIALS& METHODS
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Materials

R-Rg3(purity,91.2%),S-Rg3(purity,93.6%),R-Rh2(purity,96.23%)

and S-Rh2(purity,98.9%)(Fig.1)and BST204extract(LotNo.

S203;which is contained ofRh2,6.3% and Rg3,13.6%),were

providedbyGreenCrossHerb& PharmaceuticalCo.,Ltd(Sungnam,

RepublicofKorea).Dioscin(purity≥ 99%)wasobtainedfrom Dr.

KeeDongYoon,professoroftheCatholicUniversityofKorea.Pooled

human livermicrosomes from a mixed poolof50 donors were

purchased from BD Gentest(Woburn,MA,USA).Astaxanthin,β

-cryptoxanthin,lutein,β-nicotinamideadeninedinucleotidephosphate

(NADP), glucose-6-phosphate,glucose-6-phosphatedehydrogenase,

MgCl2, acetaminophen, chlorzoxazone, coumarin, dextrorphan,

diethyldithiocarbamate, furafylline, ketoconazole, monterukast,

paclitaxel, sulfaphenazole, S-mephenytoin, S-benzylnirvanol,

phenacetin, quinidine, tolbutamide, tranylcypromine,

triethylenethiophoramide,uridine5'-diphosphoglucuronicacidtrisodium

salt(UDPGA),alamethicin,β-estradiol,trifluoperazinedihydrochloride,

3'-azido-3'-deoxythymidine(zidovudine),chrysin,hecogenin,serotonin

hydrochloride,1-naphthol,niflumicacid,chlorpropamide,theophylline

and formicacidwerepurchasedfrom Sigma-Aldrich(St.Louis,MO,

USA). Bupropion, dextromethorphan, 4’-hydroxymephenytoin,

7‑hydroxycoumarin,1’-hydroxychlorzoxazone,1’-hydroxymidazolam,

midazolam,6α-hydroxypaclitaxel,propofol,efavirenz,canthaxanthin,

and zeaxanthin werepurchased from Toronto Research Chemicals

(North York,ON,Canada).Allsolventswereofhigh-performance
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liquidchromatography(HPLC)gradeandwereobtainedfrom Fisher

ScientificCompany(Pittsburgh,PA,USA)andotherchemicalswere

ofthehighestqualityavailable.

Competitive inhibitory effects ofxanthophylls and fermented

GinsengextractninecytochromeP450enzymes

So-called cocktailassays in which severalenzyme activities are

determined in parallelby liquid chromatography –tandem mass

spectrometry (LC-MS/MS) are particularly useful.The inhibitory

potencies of astaxanthin, β-cryptoxanthin, canthaxanthin, lutein,

zeaxanthinBST204andthefourginsenosidesR-Rg3,S-Rg3,R-Rh2

andS-Rh2weredeterminedwithnineCYPenzymecocktailassays

aspreviouslydescribed(Kim etal.,2005)withslightmodification.In

brief,the 90-µL incubation mixture,including pooled human liver

microsomes(finalconcentration0.25mg/mL),0.1M phosphatebuffer

(pH 7.4), each P450-selective substrates cocktail set (A set:

phenacetin,coumarin,paclitaxel,S-mephenytoin,dextromethorphan,

andmidazolam;Bset:bupropion,tolbutamide,andchlorzoxazone),and

test compounds was pre-incubated for 5 min at 37°C. Test

compoundsweredissolvedinDMSO anddilutedin0.1M phosphate

buffer (pH 7.4), to a final concentration of 0.5% DMSO.

ConcentrationsofP450-selectivesubstrateswereusedclosetotheir

reportedKmvalues(Yuanetal,2002):50mM phenacetin(CYP1A2),5

mM coumarin (CYP2A6),10 mM paclitaxel (CYP2C8),100mM

tolbutamide (CYP2C9),100mM S-mephenytoin (CYP2C19),5 mM
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dextromethorphan(CYP2D6),50mM chlorzoxazone(CYP2E1),and5

mM midazolam (CYP3A4/5).AllofP450-selectivesubstrateswere

dissolved in methanoland serially diluted with methanolto the

requiredconcentrations,andthesolventwassubsequentlyevaporated

under reduced pressure using an AES2010 SpeedVac (Thermo

ElectronCo.,Waltham,MA).Ontheotherhand,coumarindissolved

in methanol was added directly to the mixed tube (a final

concentrationof0.5% methanol)becauseofitslow solubilityin0.1M

phosphate buffer (pH 7.4). P450-selective substrates and their

concentrations,metabolites,andpositivecontrolwereshowninTable

2.

Thereaction wasstarted by adding a10-µL NADPH-generating

system (1.3mM NADP+,3.3mM glucose-6-phosphate,3.3mM MgCl2,

and 0.4unit/mL glucose-6-phosphatedehydrogenase).Thereaction

system (100µL,totalvolume)wasincubatedfor15minat37°Cina

shaking waterbath.Afterincubation,reactions were stopped by

addition of 50 µL of ice-cold acetonitrile containing 2 µM

chlorpropamide,asaninternalstandard,andtheywerechilledand

centrifuged(13,000rpm,8min,4°C).MixtureofA setandB set

(1:1)werediluted100-foldwithacetonitrileandtheninjectedintothe

LC‑MS/MSsystem.Allincubationswereperformedintriplicate,and

mean valueswereused foranalysis.Additionally identicalparallel

incubation samples containing known directCYP inhibitors were

includedaspositivecontrols.
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Time-dependent inhibition of xanthophylls and fermented

GinsengextractonninecytochromeP450enzymes

To assesstime-dependentinhibitory potentialsoftestcompounds,

singlepointinactivationexperimentswereusedaspreviouslyreported

(Obach etal.2007).In brief,pooled human livermicrosomes (1

mg/mL)wereincubated with testcompoundsin theabsenceand

presenceofNADPH-generating system for30min at37°C.After

incubation,analiquot(10μL)wastransferredtoanotherincubation

tube(finalvolume100μL)containinganNADPH-generatingsystem

andeachP450-selectivesubstratescocktailset(bothA andBsets).

Thereactionsystem (100µL,totalvolume)wasincubatedfor15min

at37°C inashakingwaterbath.Otherproceduresweresimilarto

thoseofthereversibleinhibitionstudies.

InhibitoryeffectsofxanthophyllsandfermentedGinsengextract

onUGTs

We chose β-estradiol(10 μM),trifluoperazine (40 μM),serotonin

(4000μM),propofol(100μM),andzidovudine(100μM)assubstrates

ofUGT1A1,UGT1A4,UGT1A6,UGT1A9,andUGT2B7,respectively.

Testcompounds,humanlivermicrosomes(HLMs)(0.25mg/mL),100

mM Tris-HClbuffer (pH 7.5),MgCl2 (5 mM),substrate,and

alamethicin (25 μg/mL) were pre-incubated on ice to allow

alamethicin pore formation in vitro for30 min.Incubations were

commencedwith theaddition of10μL UDPGA (5mM)toafinal



13

incubationvolumeof0.1mLandincubatedat37°Cfor60min(except

30minforUGT1A9)at37°Cinashakingwaterbath.Finalsolvent

concentrationswere5% (v/v)DMSO.Afterincubation,thereaction

wasstoppedbyadding50μLofice-coldacetonitrilecontaining300

ng/mlchlorpropamide or 300 μg/mL theophylline as an internal

standard.Theincubationmixtureswerethencentrifuged(13,000gfor

15minat4°C).Aliquotsofthesupernatantswereinjectedintoa

LC-MS/MS system.Known potentinhibitors,chrysin,hecogenin,

1-naphthol,niflumicacid,and efavirenz,wereincluded aspositive

controls to evaluate the suitability ofthese experiments and to

comparetheirIC50valuestoUGT1A1,UGT1A4,UGT1A6,UGT1A9,

andUGT2B7,respectively.UGTssubstratesandtheirconcentrations,

metabolites,and positive controlwere shown in Table 2.All

substrates and inhibitors used as positive controls are selected

according to several published papers (Fujiwara et al., 2008;

Krishnaswamyetal.,2003;MinersJ.O.,etal.,2011;Uchaipichatet

al.,2006;Walskyetal.,2012;Belangeretal.,2009).Allincubations

wereperformedinduplicate,andmeanvalueswereusedforanalysis.

All P450-selective and UGTs substrates, their concentrations,

metabolitesandeachpositivecontrolwereshowninTable1.
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Enzymes Substrates Final 

Conc. 

Metabolites Positive   Control

CYP1A2 Phenacetin 50µM Acetaminophen Furafylline

CYP2A6 Coumarin 5µM Oh-coumarin Tranylcypromine

CYP2B6 Bupropion 50µM Oh-bupropion Triethylenethiophor

amide

CYP2C8 Rosiglitazone 1µM Oh-rosiglitazone Monterukast

CYP2C9 Tolbutamide 100µM Oh-tolbutamide Sulfaphenazole

CYP2C19 S-mephenytoin 100µM Oh-mephenytoin S-Benzylnirvanol

CYP2D6 Dextromethorphan 5µM Dextrorpan Quinidine

CYP2E1 Chlorzoxazone 50µM Oh-chlorzoxazone Diethyldithiocarbam

ate

CYP3A4/5 Midazolam 5µM Oh-midazolam Ketoconazole

UGT1A1 β-estradiol 10µM β-estradiol-3-Glucuronide Chrysin

UGT1A4 Trifluoperazine 40µM
Trifluoperazine 

N-Glucuronide
Hecogenine

UGT1A6 Serotonin
4000µ

M
Serotonin-O-Glucuronide 1-Naphthol

UGT1A9 Propofol 100µM Propofol-O-Glucuronide Niflumic acid

UGT2B7 Zidovudine 100µM AZT-5’-Glucuronide Efavirenz

Table1.P450-selectiveandUGTssubstrates,theirconcentrations,

metabolitesandeachpositivecontrol.
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Ki determination of β-cryptoxanthin, BST204, S-Rg3 on

UGT1A1,1A9,or2B7

BasedontheIC50 values,theexperimentsforthedeterminationof

Kivaluesofβ-cryptoxanthinonUGT1A1,BST204onUGT1A1,1A9

and 2B7,S-Rg3 on UGT1A9 and UGT2B7 were conducted.The

experimentsforthedeterminationofKivaluesofUGT1A1-catalyzed

estradiol 3-glucuronidation reaction, UGT1A9-catalyzed propofol

glucuronidation and UGT2B7-catalyzed 3'-azido-3'-deoxythimidine

glucuronidationwereselectedastheprobereactions.Chrysin,niflumic

acid and efavirenz were included as positive controls. The

concentration ofsubstrates was determined nearthe Km values:

estradiolwas50,10,and20μM,propofolwas5,10,100μM,and

zidovudinewas25,100,200μM,respectively.Thereactionrateswere

linearwith incubation timeandmicrosomalprotein contentsunder

theseconditions.DixonandLineweaver-Burkplotswereadaptedto

determinetheinhibition type,and thesecond plotofslopesfrom

Lineweaver–Burk plotversus testcompound concentrations was

utilizedtocalculatetheKivalue.Allincubationswereperformedin

duplicate,andmeanvalueswereusedforanalysis.
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PharmacokineticstudyofBST204inhealthvolunteers

Bloodfrom eachhealthyvolunteerwascollectedat0,0.5,1,2,4,6,

8,12and24hafteroral100mg(n=5)and400mg(n=5)BST204.1

mLofhumanplasmasamplesweretransferredintoaglasstubeand

spikedwith20μLISsolutioncontainingdioscin5μg/mL(Baeetal.

2013).Themixturewasextractedwith4mL ofethylacetateby

vortexingfor15minforextraction.Thepharmacokineticparameters

were calculated by a non-compartmental analysis (WinNonlin

Professionalver.5.2,Pharsight,Mountain View,CA,USA) for

determining the followings: the total area under the plasma

concentration–timecurvefrom timezerotoinfinity(AUC0–∞)orthe

lastmeasuredtime(AUCt).Thepeakplasmaconcentration(Cmax)and

timetoreachCmax (Tmax)weretakendirectlyfrom theexperimental

data.
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LC-MS/MSanalysis

MetabolitesofnineP450-selectivesubstrateswereanalyzedusinga

tandem quadrupole mass spectrometer (QTrap 5500 LC-MS/MS,

AppliedBiosystems,FosterCity,CA)equippedwithanelectrospray

ionization(ESI)interfaceusedtogeneratepositiveandnegativeion

mode.Theseparation wasperformedon areversed-phasecolumn

(LunaC18,50mm ×2.0mm i.d.;3 μm particlesize;Phenomenex,

Torrance,CA) maintained at 40°C.Mobile phase consisted of

acetonitrile(A)andwatercontaining0.1% formicacid(B)ataflow

rate of0.5 mL/min.The gradientelution program used was as

follows:(1)mobilephaseA wassetto85% at0min,(2)alinear

gradientwasrunto20% in2.6min,and(3)alineargradientwas

runto85% in3.5min,andre-equilibratedfor2.5min.Thetotalrun

time was 6 min.An Agilent1260 series high-performance liquid

chromatographysystem (Agilent,Wilmington,DE),wasused.

For UGTs substrate analysis, a tandem quadrupole mass

spectrometer(QTrap3200LC-MS/MS;AB Sciex,FosterCity,CA,

USA)andHPLCsystem (Agilent1260series,Wilmington,DE,USA)

wereusedandtheseparationwasperformedonareversed-phase

column(Poroshell120C18,50mm ×4.6mm i.d.;2.7μm particlesize;

Agilent,Wilmington,DE,USA)maintainedat40°C.Singlereaction

monitoringmodeusingspecificprecursor/productiontransitionwas

usedforthequantification.Themasstransitionsofthemetabolitesof

nineP450-selectivesubstratesand5UGT substratesand2internal

standardsarelistedinTable1.Peakareasforalltheanalyteswere
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automaticallyintegratedusingAnalystsoftware(version1.5.2,Applied

Biosystems,FosterCity,CA).

Forpharmacokinetic study ofginsenosides,we chose API5500

Q-Trap massspectrometer(AB Sciex,FosterCity,CA)equipped

withAgilent1290HPLC system (AgilentTechnologies,Wilmington,

DE) in an electrospray ionization (ESI)mode used to generate

negative [M–H]–. The compounds were separated on a

reversed-phase column (Acclaim RSLC C18 column150 × 2.1 mm,

2.2-µm particle size; Thermo) maintained at 40°C. The MRM

transitionandmassspectrometryparametersforalltheanalysisin

theLC-MS/MSmethodwereshowninTable2.



19

Analytes

MRM

(m/z)

Dwell 

Time

(msexs)

DP

(volts)

CE

(volts)

CXP

(volts) Polarity

Acetaminophen 152.0>110.1 200 46 21 12 Positive 

Oh-coumarin 160.8>132.9 150 -90 -28 -11 Negative

Oh-bupropion 256.3>238.1 150 136 19 18 Positive

Oh-rosiglitazone 373.9>151.1 150 16 33 16 Positive

Oh-tolbutamide 284.9>189.6 150 -20 -42 -11 Positive

Oh-mephenytoin 235.1>150.2 150 56 27 10 Positive

Dextrorpan 258.1>157 150 191 53 12 Positive

β-estradiol-3-Glucuronide 447>271 200 -77 -52 -23 Negative

Trifluoperazine-

N-Glucuronide
584>408

200 45 22 39 Positive

Serotonin-O-Glucuronide 353>160 200 34 33 3 Positive

Propofol-O-Glucuronide 353.1>177.1 200 -32 -34 -2 Negative

AZT-5’-Glucuronide 442>125 200 -55 -30 -1 Negative

Clorpropamide 277>175 150 120 20 12 Positive

Clorpropamide 274.9>189.6 150 -80 -50 -12 Negative

Theophylline 181.1>124.1 200 27 40 10 Positive

Theophylline 179.1>163.9 200 -59 -20 -1 Negative

20-ginsenoside Rg3 783.4>161.1 150 -5 -44 -9 Negative

20-ginsenoside Rh2 621.3>161.1 150 -20 -30 -17 Negative

Diosin 867.2>761.5 150 -8.7 -43.6 -16.5 Negative

Table2.MRM transitionandmassspectrometryparametersforthe

analysisintheLC-MS/MSmethod.

DP:DecluseringPotential;CE:CollisionEnergy;CXP:CollisionCellExitPotencial
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Dataanalysis

Forreversibleinhibitionandtime-dependentinhibitionscreening,the

activitiesinthepresenceofinhibitorswereexpressedaspercentages

of the corresponding control values using the substrates.The

remaining activitiesatthetestedhighestconcentration lesserthan

80% wereconsideredtobe“positive”andthenthe50% inhibitory

concentration (IC50) values were extrapolated by nonlinear

least-squares regression analysis using WinNonlin (ver. 4.0;

Pharsight,Mountain View,CA,USA).Thekineticparametersfor

inhibitorypotential(Ki)wereinitiallyestimatedbygraphicalmethods

such as Dixon plot and Lineweaver-Burk plot,but ultimately

determinedby nonlinearleast-squaresregression analysisfrom the

bestenzymeinhibition modelusing Enzymekineticsoftware.The

mode ofinhibition was determined on the basis ofthe Akaike

information criterion,as a measure ofthe goodness offit.The

inhibition modes tested included pure and partial competitive

inhibition, noncompetitive inhibition, mixed-type inhibition, and

uncompetitiveinhibition.

Pharmacokineticparameterswerecalculatedbyanon-compartmental

analysis using WinNonlin Professional, version 2.1 (Pharsight,

Mointain View, CA, USA): the total area under the plasma

concentration-time curve from time zero to infinity or the last

measured time (AUCt),and terminalhalf-life.The peak plasma

concentration(Cmax)andtimetoreachCmax(Tmax)werereaddirectly

from the experimental data. The results were analyzed using
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Student’s t-test,with p value < 0.05 considered to statistical

significance.Alldata are expressed as means standard deviation

(SD),exceptmedian(range)forTmax.Thedrug–druginteraction

magnitudeisaffectedbybothinvitroinhibitionkineticparameters

(Ki)andinvivoconcentrationofinhibitors.Ifthemaximum plasma

concentration(Cmax)wereasthe[I]invitro–invivoextrapolation

equation:AUCi/AUC=1+[I]in vivo/Ki,theratioofCmax/Kicouldhelp

ustoextrapolatethedrug-druginteractionrelatedtheUGTenzymes.
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C.RESULTS
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Competitive inhibition ofxanthophyllsand fermented Ginseng

extractoncytochromeP450activities

Theinhibitoryeffectsofastaxanthin,β-cryptoxanthin,canthaxanthin,

luteinandzeaxanthinontheactivitiesofninemajorhumanisozymes

(CYP1A2,CYP2A6,CYP2B6,CYP2C8,CYP2C19,CYP2D6,CYP2E1,

andCYP3A4/5)wereshowninFigure3,respectively.Theinhibitory

effectsofBST204andfourginsenosideson theactivitiesofnine

CYPisozymesareshowninFigure4.TheirIC50valuesareshownin

Table 3.IC50 determination illustrates the overallCYP inhibitory

effectas a function ofthe testinhibitorconcentration.Samples

containingonlycocktailsubstratesetatthearoundKm valuewere

considered100% activityandallvelocitymeasurementofinhibitor

with differentconcentration wascompared toapercentofcontrol

velocitywithnoinhibitor.TheIC50 valuesforthepositivecontrols

usedinthereversibleinhibitionstudieswereingoodagreementwith

publishedvaluesaccordingtoanacceptabledegreeofaccuracy(Yuan

etal.,2002,Kim etal.,2005,Hanetal.,2011).Thebasicassayto

assesstheinteractionpotentialofinhibitionisIC50determinationand

theextrapolatedIC50valuesalmostweresignificantlyhigherthanthe

solubility limitexceptBST204slightly inhibitedCYP2C8with IC50

17.4 μg/mL incompetitiveinhibition.Alltestedcompoundsdidnot

show significantinhibition.
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IC50 (µM) Astaxanthin β-cryptoxanthin Canthaxanthin Lutein Zeaxanthin

CYP1A2 >5 >5 >5 >5 >5

CYP 2A6 >5 >5 >5 >5 >5

CYP 2B6 >5 >5 >5 >5 >5

CYP 2C8 >5 13.8 >5 >5 >5

CYP 2C9 >5 >5 >5 >5 >5

CYP 2D6 16.2 >5 10.9 >5 >5

CYP 2E1 >5 >5 >5 >5 >5

CYP 3A >5 >5 >5 >5 >5

IC50 (µM)
BST204 

(µg/mL)

R-Rg3 (µM) S-Rg3 (µM) R-Rh2 

(µM)

S-Rh2 

(µM)

CYP1A2 >20 >20 >20 >20 >20

CYP 2A6 >20 >20 >20 >20 >20

CYP 2B6 >20 >20 >20 >20 >20 

CYP 2C8 17.4 >20 >20 >20 >20 

CYP 2C9 >20 >20 >20 >20 >20

CYP 2D6 >20 >20 >20 >20 >20

CYP 2E1 >20 >20 >20 >20 >20

CYP 3A >20 >20 >20 >20 >20 

Table3.IC50 ofastaxanthin,β-cryptoxanthin,canthaxanthin,lutein,

zeaxanthinandfermentedGinsengextractBST204,ginsenosideRg3

R-form,Rg3S-form,Rh2R-form andRh2S-form (R-Rg3,S-Rg3,

R-Rh2,S-Rh2)on9CYPisozymeactivitiesinpooledhumanliver

microsomes.
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Figure3.(A)~(E).InhibitionofCYP1A2,CYP2A6,CYP2B6,CYP2C8,

CYP2C9,CYP2C19,CYP2D6,CYP2E1,andCYP3A4/5byastraxanthin

(A), β-cryptoxanthin (B), canthaxanthin (C), lutein (D), and

zeaxanthin(E)inhumanlivermicrosomes.Eachdatapointrepresents

themeanvalueoftriplicatedeterminations.
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Figure4.(A)~(E).InhibitoryeffectsofBST204,Rg3R-form,Rg3

S-form,Rh2R-form,andRh2S-form on9CYPisoformsinpooled

humanlivermicrosomes.Theactivityofeachisoform wasmeasured

usingrespectivespecificprobesubstratereaction.Representedby%

ofcontrolactivity.
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Time-dependent inhibition of xanthophylls and fermented

GinsengextractoncytochromeP450activities

Time-dependent inhibition is a term covering any phenomenon

resulting in reduced enzyme activity with incubation time.

AssessmentofachangeintheIC50valuewithorwithoutNADPH

withtheenzymesystem isastraightforwardandusefulmethodfor

theinitialdeterminationoftime-dependentinhibitioneffects(Obachet

al.2007;Fowlerand Zhang,2008).When the inhibition curveis

shiftedtoalowerIC50valueby30minpre-incubationtreatment,this

is an indication of time-dependent inhibition. Upon 30 min

pre-incubationoftestcompoundswithhumanlivermicrosomesinthe

presenceofNADPH,noobviousshiftofIC50 wasobservedinthe

inhibitionofthenineCYPsactivities.SeenFigure5,therewasno

IC50 shift for CYP3A4/5 by canthaxanthin with human liver

microsomes.Time-dependentinhibitory effectsofBST204on nine

CYP isozymes also suggested thatthe testcompounds are not

time-dependentinhibitors.
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Figure 5. Representative IC50 shift plots for CYP3A4/5 by

canthaxanthinwithhumanlivermicrosomesinthepresence(●)and

absence(○)ofNADPH for30 minpre-incubation.Eachdatapoint

representsthemeanvalueoftriplicatedeterminations.Verticalbars

representstandarderrorofthemean.
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Figure6.Time-dependentinhibitory effectsofBST204using IC50

shiftassayonnineCYPisozymes.Theactivityofeachisoform was

measuredusingrespectivespecificprobesubstratereaction((●)with

NADPH and (○)withoutNADPH).Represented by % ofcontrol

activity.Allexperimentswereconductedasduplicate.
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InhibitoryeffectsofxanthophyllsandfermentedGinsengextract

onUGTisoform activities

AsshowninFigure7,thefivexanthophyllswerealldemonstrated

no inhibitory effecton UGT1A6,UGT1A9 and UGT2B7.But,β

-cryptoxanthin, canthaxanthin and zeaxanthin showed inhibitory

effectson UGT1A1with IC50 values23.68,36.74and 42.57 μM,

respectively,IC50 ofβ-cryptoxanthin and lutein on UGT1A4were

28.66and29.94μM,respectively(Table3).Astaxanthindidnotshow

significantinhibitiononthefivekindsofUGT1A1andUGT1A4.IC50

values of astaxanthin,β-cryptoxanthin,canthaxanthin,lutein and

zeaxanthinonUGT1A1,UGT1A4,UGT1A6,UGT1A9,andUGT2B7

activitieswereevaluatedandeachsubstratewaslistedinTable3.

TheinhibitoryeffectsofBST204,R-Rg3,S-Rg3,R-Rh2,andS-Rh2

ontheactivitiesoffiveUGT isozymesareshowninTable4and

Figure8.BST204inhibitedUGT1A1,1A9,2B7withIC5013.80,24.59,

30.83μg/mL,respectively.Inaddition,itwastheS-form ofRg3,not

R-form,thatsignificantly inhibited UGT1A9,2B7with IC50:13.65,

21.95μM,respectively,IC50ofS-Rh2onUGT1A1was77.75μM and

theR-form ofRg3andRh2showedignorableinhibitoryeffectson

UGT enzymes,wecandeducethatitistheS-form ofRg3andRh2

thatplayedanimportantinhibitoryeffectsonUGT1A1,1A9,2B7for

BST204.



31

IC50 (µM) Astaxanthin β-cryptoxanthin Canthaxanthin Lutein Zeaxanthin

UGT1A1 >50 23.68 36.74 >50 42.57

UGT1A4 >50 28.66 >50 24.94 >50

UGT1A6 >50 >50 >50 >50 >50

UGT1A9 >50 >50 >50 >50 >50

UGT2B7 >50 >50 >50 >50 >50

IC50 BST204 

(µg/mL)

R-Rg3 (µM) S-Rg3 (µM) R-Rh2 

(µM)

S-Rh2 

(µM)

UGT1A1 13.80 >100 >100 >100 77.75

UGT1A4 >100 >100 >100 >100 >100

UGT1A6 >100 >100 >100 >100 >100

UGT1A9 24.59 >100 13.65 >100 >100

UGT2B7 30.83 >100 21.99 >100 >100

Table4.IC50 ofastaxanthin,β-cryptoxanthin,canthaxanthin,lutein,

zeaxanthinandfermentedGinsengextractBST204,ginsenosideRg3

R-form,Rg3S-form,Rh2R-form andRh2S-form (R-Rg3,S-Rg3,

R-Rh2,S-Rh2)on5UGT isozymeactivitiesinpooledhumanliver

microsomes.
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Figure7.InhibitionofUGT1A1,UGT1A4,UGT1A6,UGT1A9and

UGT2B7byastraxanthin(A),β-cryptoxanthin(B),canthaxanthin(C),

lutein(D),andzeaxanthin(E)inhumanlivermicrosomes.Eachdata

pointrepresentsthemeanvalueoftriplicatedeterminations.
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Figure8.UGTs(UGT1A1,1A4,1A6,1A9,2B7)inhibitoryeffectsof

BST204,ginsenosideRg3R-form,Rg3S-form,Rh2R-form,andRh2

S-form.Theactivitywasmeasuredusingrespectivespecificprobe

substrate reaction. Represented by % of control activity. All

experimentswereconductedasduplicate.
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Ki determination of β-cryptoxanthin, BST204, S-Rg3 on

UGT1A1,1A9,2B7

The Dixon plotand Lineweaver-Burk plotindicated thatchrysin

competitively inhibited themetabolism ofestradiolin HLMs.The

inhibitionkineticparameter(Ki)wascalculatedtobe306.51μM.Like

UGT1A1, niflumic acid, as the positive control, inhibited the

metabolism ofpropofolinthecompetitivemanner,whichindicatedby

Dixon plot and Lineweaver-Burk plotand the inhibition kinetic

parameter(Ki)was0.1μM.TheKiofefavirenzthatcompetitively

inhibitedzidovudinemetabolism was50.79μM.

AsshowninFigure9,theDixonplotandLineweaver-Burkplot

indicatedthatβ-cryptoxanthincompetitivelyinhibitedthemetabolism

ofestradiolin HLMs.The inhibition kinetic parameter(Ki)was

calculatedtobe30.43 μM,whichismuchhighertheCmax ofβ

-cryptoxanthin in human plasma.Asshown in Figure11and12,

kineticparametersofBST204onUGT1A1,1A9,2B7enzymeswere

27.38,17.53,32.51 μg/mL,respectively.TheKiofS-Rg3inhibited

UGT1A9and2B7were8.33and24.89μM,respectively.
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Figure9.(A)Lineweaver-Burkplotand(B)DixonplotabouttheKi

determination of β-cryptoxanthin towards UGT1A1-mediated

glucuronidation.Alltheexperimentswerecarriedoutinduplicate.
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Figure 10.Dixon plotand Lineweaver-Burk plotaboutthe Ki

determinationofBST204towardsUGT-mediatedglucuronidation.(A)

BST204 on UGT1A1-mediated estradiol glucuronidation; (B)

BST204on UGT1A9-mediated propofolglucuronidation;(C)BST204

onUGT2B7-mediatedzidovudineglucuronidation.Alltheexperiments

werecarriedoutinduplicate.
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Figure 11.Dixon plotand Lineweaver-Burk plotaboutthe Ki

determination ofginsenoside Rg3 S-form towards UGT-mediated

glucuronidation.(A)GinsenosideRg3S-form on UGT1A9-mediated

estradiol glucuronidation; (B) Ginsenoside Rg3 S-form on

UGT2B7-mediated zidovudine glucuronidation.Allthe experiments

werecarriedoutinduplicate.
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PharmacokineticstudiesofBST204inhumanvolunteers

Forhuman pharmacokinetic parameters,the Cmax ofS-Rg3 and

S-Rh2were4.84and102ng/mLfor100mgdosage,6.93and273

ng/mLfor400mgdosage,respectively.ThevaluesofAUCtofS-Rg3

were1.61and3.38µgmin/mLforthetwodoses,respectively.The

mostconcentrationsofS-Rh2in100mgBST204werebelow the

detectivelimitationofourmethod,andtheAUCtofS-Rh2wasnot

calculated.Likeratspharmacokinetics,theR-form ofRg3andRh2

werealsonotfound.
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Parametersa 100 mg (n = 5) 400 mg (n = 5)

S-Rg3 

AUC
t 

(g min/mL)b 1.61 ± 0.81 3.38 ± 2.23 

C
max

 (g/mL)c 0.00484 ± 0.00341 0.00693 ± 0.00283

T
max

 (min)d  240 240

S-Rh2 

AUC
t
 (g min/mL) - 73.21 ± 25.89

C
max

 (g/mL) 0.102 ± 0.0582 0.275 ± 0.095

T
max

 (min)    120 120

Table5.PharmacokineticparametersofginsenosideRg3S-form and

Rh2 S-form (S-Rg3,S-Rh2) after single oraladministration of

BST204extractatdosesof100mgand400mgtohealthyvolunteer.

aValuesaremean±standarddeviation;bTotalareaundertheplasmaconcentration

−timecurvefrom timezerototimelastsamplingtime;cPeakplasmaconcentration;

dTimetoreachCmax.Median(ranges).
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Figure12.MeanplasmaconcentrationsofginsenosideRg3S-form

(S-Rg3:A;circle)andginsenosideRg3S-form (S-Rh2:B;square)

aftersingleoraladministrationofBST204extractatdosesof100mg

(closed,n=5)and400mg(open,n=5)tohumanvolunteers.
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D.DISCUSSION &

CONCLUSION
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The concentration ranges used were based on solubility and the

maximum plasma concentrations in vivo.Additionally,the organic

solventscommonly usedforassessmentofinvitroactivitieswith

CYPsinhumanlivermicrosomesaremethanol,acetonitrile,acetone,

and dimethylsulfoxide(DMSO).Forlipophilicchemicals,using a

percentageoforganicsolventinanykineticincubation,< 0.5% final

(v/v)isrecommendedtosustain P450activity.However,ahigher

contentofDMSO isassociatedwithstrongerinhibitionofCYP2C9,

CYP2C19,CYP2D6,CYP2E1,andCYP3A activitiesin human liver

microsomes (Chauret et al., 1998; Easterbrook et al., 2001).

Additionally,ahigherpercentageofDMSO affectsthesensitivityof

MS/MSandisnotrecommended.Consideringthepoorsolubilityand

DMSOlimit,inourexperiments,thetestedxanthophyllsweresoluble

in0.5% DMSO (Lyanetal.,2001;Osterlieetal.,2000).TheCmax

values for astaxanthin,β-cryptoxanthin,canthaxanthin,lutein and

zeaxanthin were 2.17,0.15,1.4,1.05,and 0.15 μM,respectively

(Østerlieetal.,2000;Breithauptetal.,2003;Paetau etal.,1997;

Granadoetal.,1998;Yuetal.,2012).Theconcentrationrangesofthe

test compounds used covered them.Control samples (with no

inhibitor) were assayed in each analyticalrun.The amountof

metaboliteineachsample(relativetocontrolsamples)wasplotted

versustheinhibitorconcentrationpresenttoeliminatetheimpactof

DMSO.BST204 and ginsenoside Rg3 and Rh2 were soluble in

methanol and we studied the pharmacokinetics of BST204.

Interestingly,Interestingly,we work found that the S epimers

exhibited significantly higherconcentrations and area undercurve
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valuesforbothRg3andRh2inhumanplasma.TheCmax ofS-Rg3

in human plasmaafteradministrated 100mg and 400mg BST204

were 6.19 and 8.86 μM, respectively. Absorption and efflux

mechanismsexhibitedstereoselectiveregulationsofP-gp(Yangetal.,

2011).A studyprovidesnew evidenceofthechiralcharacteristicsof

P-gpandishelpfultoelucidatethestereoselectiveP-gpregulation

mechanisms of ginsenoside Rh2 epimers in vivo from a

pharmacokineticview (Zhangetal.,2012).Ontheotherhand,Rh2is

agoodsubstrateofP-gp,andinhibitionofP-gpcansignificantly

enhanceitsoralbioavailability(Zhangetal.,2010).

Thecompetitiveinhibitionresultsshowedthatthetestcompounds

littleinhibitedtheninekindsofCYPs.Ourresultsshowedthatthe

remainingactivitypercentofcontrolwerealmostbetween80-120%

with each concentration ranges,on theotherhand,theIC50 were

much more than the highest concentrations of the designed

concentration(exceptBST204inhibitedCYP2C8withIC5017.4µg/ml),

no IC50 shifts illustrated that allthe test compounds had no

drug-interaction with CYPs in the long time and people can

co-administrateitwithotherdrugs(ObachRS,etal.,2007).

Themainpathwayofconjugativemetabolism forawidevarietyof

compounds is glucuronidation by UGTs. Human

UDP-glucuronosyltransferase(UGT)existsasasuperfamily of22

proteins,whicharedividedinto5familiesand6subfamiliesonthe

basis of sequence identity. Members of the UGT1A and 2B

subfamiliesplayakeyroleinterminatingthebiologicalactionsand

enhancingtherenaleliminationofnon-polar(lipophilic)drugsfrom
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all therapeutic classes (Rowland et al., 2013). Glucuronidation

elimination pathway in phaseIImetabolitesplaysmoreand more

importantroleinrecentyears.Glucuronidationreactionscatalyzedby

UGT isoformsaccountfor>35% ofallphaseIIdrug metabolism

(Kiang et al.,2005).In addition,glucuronidation serves as an

eliminationpathwayfornumerousstructurallydiverseendogenousand

exogenouscompounds(Minersetal.,2010),suchasbilirubin,bile

acids,fattyacids,steroidhormones,thyroidhormonesandfatsoluble

vitamins (Burchelletal.,1995;Radominska-Pandya etal.,1999;

Tukey etal.,2000).Sointeraction with UGTsisalsocannotbe

ignored.Fang’sresearch indicated thattheginsenosides'inhibition

towards UGT isoforms might be an important reason for

ginseng-drug interaction.They found thatRg3 and Rh2 inhibited

UGT1A1,1A6,1A7,1A8,1A9,1A10,2B7,2B15indifferentlevels.

Rg3competitivelyinhibitedUGT1A7,2B7and2B15-catalyzed4-MU

glucuronidationreaction,andexertednoncompetitiveinhibitiontowards

UGT1A8-catalyzed4-MU glucuronidation.Theinhibitionparameters

(Kivalues)werecalculated to be22.6,7.9,1.9,and 2.0 μM for

UGT1A7,1A8,2B7and2B15(Fangetal.,2013).Combinedwithour,

wecanfindthatitistheS-form ofRg3andRh2thatplayedan

importantinhibitoryeffectsonUGT1A,1A9,2B7forBST204.These

resultsimpliedthatthestereochemistryofginsenosidesmayplayan

importantroleinselectiveUGTsinhibitoryactivity.

Asweknown,thedrug–druginteractionmagnitudeisaffectedby

both in vitro inhibition kinetic parameters (Ki) and in vivo

concentration ofinhibitors.Ifthe maximum plasma concentration
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(Cmax) were as the [I]in vitro–in vivo extrapolation equation:

AUCi/AUC=1+[I]in vivo/Ki,the ratio ofCmax/Kicould help us to

extrapolatethedrug-drug interactionrelatedtheUGT enzymes.A

pharmacokinetic study reported that a single dose carotenoid

supplementcontaining esterified1.3mg β-cryptoxanthin inhealthy

subjects,themeanCmax wasapproximately0.15mM (Breithauptet

al.,2003),sotheratioofCmax/Kiwasmuchlessthan0.1,which

meansthereisverylow riskofinteraction.Ifthemaximum plasma

concentration (Cmax)ofS-Rg3 was as the [I]in vitro–in vivo

extrapolationequation:AUCi/AUC=1+[I]in vivo/Ki,theratioofCmax

/KicouldhelpustoextrapolatethatS-Rg3andBST204mayinteract

with UGTs.Butwecannotdraw conclusion basedon itandthe

reasons are as followings.More pharmacokinetic parameters of

BST204inhumanvolunteersareinsufficient,forexample,thefree

concentrationofRg3inhumanblood,thehighestconcentrationsand

thesteadystateconcentrationofRg3inhumansample,so[I]in vivo/Ki

maybedifferentsignificantly;Thus,theinvivointeractionstudyis

stillneeded.

BasedontheIC50 valuesofthesefivexanthophyllsonCYPsand

UGTsweremarkedgreaterthantheCmax valuesreportedinhuman

plasma,itisunlikely thatthesefivexanthophylls,astaxanthin,β

-cryptoxanthin,canthaxanthin,lutein,andzeaxanthin,from thedietor

nutritional supplements alter the pharmacokinetics of drugs

metabolizedby CYPsorUGTs.On theotherhand,furtherstudy

about BST204,fermented ginseng extract,on the inhibition of

UGT1A1,UGT1A9,UGT2B7arestillneeded.Thesefindingsprovide
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someusefulinformationforthesafeandeffectiveuseoftheseherbs

inclinicalpractice.
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사람 간효소인 cytochromeP450와

UDP-glucuronyltransferases에 대한

억제효과에 초점을 맞춘 xanthophyll과 발효

인삼 추출물의 허브-약물 상호작용의 평가연구

허브 보충제와 건강보조식품의 폭넓은 관심으로 인해 허브-약물간의

상호작용에 대해서도 최근에 많은 주목을 받아오고 있다. 주요

xanthophyll인 astraxanthin, β-cryptoxanthin,canthaxanthin,lutein,

zeaxanthin은 항산화 효과를 가지거나 암 또는 노인성 황반변성을 예방

하는 역할로 널리 사용되고 연구되어 왔다.BST204는 Rh2와 Rg3를 높

은 농도로 함유하고 있던 새로 발효 인삼 추출물이다.Rh2와 Rg3는 가

공하지 않은 인삼에서 ginsenoside-β-glucosidase에 의해 형성되며 산

조건하에서 가수분해를 통해 20(R)/20(S) ginsenoside Rg3 와

20(R)/20(S)ginsenosideRh2이 더 풍부하게 만들어진다.최근 연구에서

이 물질들이 항암효과를 보였다.이 논문의 목적은 사람의 간 효소인

cytochrome P450와 UDP-glucuronyltransferase에 대한 다섯 종류의

xanthophyll (astraxanthin, β-cryptoxanthin, canthaxanthin, lutein,

zeaxanthin)과 발효 인삼 추출물 BST204,입체선택성 ginsenosideRg3,

Rh2epimer의 9가지 CYPs,5가지 UGTs에 대한 억제효과와 CYPs에 대

한 유도효과에 상호작용을 평가하는 것이다.

USFDA 가이드라인에 따라 CYP1A2,CYP2A6,CYP2B6,CYP2C8,

CYP2C9,CYP2C19,CYP2D6,CYP2E1와 CYP3A에 대한 각각의 기질

로써 phenacetin (50 μM),coumarin (5 μM),bupropion (50 μM),

rosiglitazone(1μM),tolbutamide(100μM),S-mephenytoin(100μM),
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dextrophan(5μM),chlorzoxazone(50μM)와 midazolam (5μM)을

선택하였다. Competitive screening을 위해 실험물질인, cocktail,

NADPH re-generatingsystem,사람 간 마이크로좀 (HLM)과 함께 5분

동안 pre-incubation 후에 15분간 incubation을 시행하였다.

Time-dependent inhibition 실험도 진행하였다. Test compounds과

HLM을 NADPH유무에 따라 37°C에서 30분간 incubation하였고 이 후

기질 용액에 조금 옮겨 15분간 incubation하였다.UGT1A1,UGT1A4,

UGT1A6,UGT1A9와 UGT2B7에 대한 각각의 기질로써 β-estradiol

(10μM),trifluoperazine(40μM),serotonin(4000μM),propofol(100μ

M) 와 zidovudine (100 μM) 을 선택하였다. 실험물질과 HLM,

Tris-HClbuffer(pH 7.5),MgCl2 (5mM),substrate,andalamethicin

(25μg/mL)을 30분간 pre-incubation한 후에 UDPCA를 첨가하여 37°C

에서 30분 또는 60분간 incubation을 시행하였다.

실험 결과 xanthophyll과 발효 인삼 추출물은 9가지 CYP의 가역적,

비가역적 억제에 대해 무시할만한 효과를 보였다. 하지만 β

-cryptoxanthin,canthaxanthin,zeaxanthin은 UGT1A1에 대해 각각 IC50

23.68,36.74,42.57μM로 억제효과를 보였다.β-cryptoxanthin,lutein역

시 UGT1A4에 대해 억제효과를 보였다. UGT1A1에 대한 β

-cryptoxanthin의 Ki는 30.43으로 β-cryptoxanthin의 Cmax보다 훨씬 높

았다.따라서 5가지 xanthophyll은 시험관내에서 UGT에 대해 억제효과

를 보이지 않음을 추측할 수 있었다.CYP와 UGT에 대한 5가지

xanthophyll의 IC50값은 이미 알려진 혈장농도에서의 Cmax값보다 현저

하게 큰 값이었다.BST204는 각각 IC50값 13.80,24.59,30.83μM 으로

UGT1A1,1A9,2B7을 억제하였다.S-Rg3는 UGT1A9과 2B7에 대해 억

제효과를 보였다.UGT1A1,1A9,2B7효소에 대한 BST204의 Ki는 각각

27.38,17.53,32.51μg/mL였다.UGT1A9과 2B7에 대한 S-Rg3의 Ki는



59

각각 8.33와 24.89μM 였다.

건강보조식품에 포함된 5가지 xanthophylls가 CYP나 UGT에 의해 대

사되는 약물의 약동학에 영향을 주지 않을 것으로 보인다.하지만 발효

인삼 추출물BST204은 UGT1A1,1A9,2B7대한 추가 실험이 필요하다.

주요어:허브-약물 상호작용,xanthophylls,BST204,인삼 추출물,

LC-MS/MS

학번:2011-30824
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