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Abstract

 

Purpose : Thisstudywasaim toevaluateeffectsofpharmacodynamicsandtoxicityincombination

therapyofdonepezilwithGongjindan.TheeffectsofGongjindanco-administrationonthepharmacokinetics

(PK)ofdonepezilwereobservedaftersingleand7-dayrepeatedoralco-administrationwith1.5hr-intervals,

toevaluatesynergicpharmacodynamicsandreducetoxicityofcombinationtherapyofdonepezilwith

Gongjindan.

Materials and Methods : After10mg/kgofdonepeziltreatment,Gongjindan100mg/kgwasadministered

with1.5hr-intervals.Theplasmawerecollectedat30minbeforeadministration,30min,1,2,3,4,6,8and

24hrsafterendoffirstandlast7thdonepeziltreatment,andplasmaconcentrationsofdonepezilwere

analyzedusingLC-MS/MSmethods.

Results : Gongjindanmarkedlyinhibitedtheabsorptionofdonepezilregardlessofsampletime,from

30minto8hrsafterendoffirst1.5hr-intervalco-administrationascomparedwithdonepezilsingletreated

rats.Especiallytheabsorptionofdonepezilwassignificantlydecreasedat2,4,6and8hrsafterco-

administrationascomparedwithdonepezilsingletreatedrats.Accordingly,theCmax(-26.236%),AUC0-t

(-26.02%)andAUC0-inf(-25.90%)ofdonepezilin1.5hr-intervalco-administeredratsweredramatically
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decreasedascomparedwithdonepezilsingletreatedrats,respectively.However,nomeaningfulchangeson

theplasmadonepezilconcentrationsandpharmacokineticparametersweredetectedafterendoflast7th

1.5hr-intervalco-administrationascomparedwithdonepezilsingletreatedrats,exceptfornon-significant

slightincreasesofTmax(16.67%)detectedinco-administeredratsascomparedwithdonepezilsingle

treatedrats.

Conclusion : ThesefindingsareconsideredasdirectevidencesthatGongjindanalsodecreasedoral

bioavailabilityofdonepezilasinhibitedtheabsorptions,whentheywereco-administeredwith1.5hr-

intervals,buttheymaybeadaptedafter7dayscontinuousrepeated1.5hr-intervalco-administration.

Keywords：Gongjindan,Pharmacokinetics,Drug-druginteractions,Rat,Donepezil,Repeat

oraldose

1. Introduction

Donepezil(Aricept
TM
)isacentrallyacting

reversibleacetylcholinesteraseinhibitor,and

maintherapeuticuseisinthepalliativetreat-

mentofmildtomoderateAlzheimer’sdisease
1)
.

Donepezilisindicatedforsymptomatictrea-

tmentofpatientswithmild,moderateand

severedementiaoftheAlzheimer’stype
2,3)
.

Donepezilhasbeentestedinothercognitive

disordersincludingLewybodydementia
4)
and

vasculardementia
5)
.Donepezilhasalsobeen

foundtoimprovesleepapneainAlzheimer’s

patients
6)
,andrecentlytheevidencethatdone-

pezilcanimprovespeechinchildrenwith

autismwasalsosuggested
7,8)
.However,italso

showedseveretoxicityinpreclinicalstudies,

50% lethaldose(LD50)inrodentsarelocated

between30～40mg/kg,andNoObservedEffect

Level(NOEL)of13weeksrepeatdosetoxicity

testinratanddogis1mg/kg/day,respectively
9)

andundesirablesideeffectsinclinicaluse
10)
.

Commonsideeffectsincludegastrointestinal

upset;includebradycardia,nausea,diarrhea,

anorexia,abdominalpain,vividdreams,and

mania
11-13)
.

Asresultsofcombinationtherapieswith

otherdrugstoimprovethesideeffectsofdone-

pezilortoachievesynergiceffects,various

drug-druginteractionsofdonepezilhavebeen

evaluated;Although,pharmacokineticstudies

showednosignificanteffectsofdonepezilon

thepharmacokineticprofilesofcimetidine
14)
,

combinationscontaininganyofthefollowing

medications,dependingontheamountpresent,

mayalsointeractwithanticholinergics-

cholinesteraseinhibitorssuchasdonepezilhave

thepotentialtointerferewiththeactivityof

thesemedications,nonsteroidalanti-inflammatory

drugs(NSAIDs)-donepezilmayincreasegastric

acidsecretionduetoincreasedcholinergic

activitypatientsshouldbemonitoredforsym-

ptomsofactiveoroccultgastrointestinal

bleedingandcarbamazepine,dexamethasone,

phenobarbital,phenytoinorrifampin-They

mayinducetheisoenzymesCYP2D6and

CYP3A4,thusincreasingtherateofelimination

ofdonepezil
9)
.Inadditionconcurrentuseof

cholinergicagonistslike,bethanecholorneuro-

muscularblockingagentsmetabolizedbyplasma
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cholinesteraselikesuccinylcholineandmiva-

curiumwithdonepezilmaybeexpectedwith

asynergisticeffect
9)
.Ketoconazolealsocanbe

influencedonthepharmacokineticsandphar-

macodynamicsofdonepezilthroughinhibition

ofthemetabolismofdonepezil
9,15)
.Interactions

withherbalproductshavenotbeenestablished

exceptforsomerestrictedsingleherbextracts

ornaturalcompounds;Ginkgobilobaextracts
16)
,

digoxin
17)
,theophylline

18)
,orwarfarin

19)
,did

notinfluencedonthepharmacokineticsof

donepezil.

Gongjindan,atraditionalKoreanpolyherbal

formulaisoneofthemostfamoustonicagents,

andconsistedof4herbsincludingAngelicae

gigasradix,Ginsengsteamedred,Cornifructus

andRehmanniaeradixpreparata,and2animal

resources-antlerandmusk.These6agents

wereplasteredusinghoney,andcoatedby

goldplates.Thehypolipidemicandimmune

stimulatoryeffectsofGongjindanarerelatively

welldocumented
20,21)

withanti-oxidative

effects
22)
,anti-gliosiseffectsonmiddlecerebral

arteryocclusionrats
23)
andanti-dementia

effects
24,25)
.Inaddition,singleoraldosetoxi-

city
26)
andmicronucleustest

27)
ofGongjindan

itselfwerealreadyreported.

Inthepreviousstudy
28)
,co-administration

ofGongjindanwithdonepezilwithin5min

showedmarkeddecreasesofdonepezilabsorption

andconsequently,reducedtheoralbioavail-

abilityofdonepezil,therefore,theeffectsof

Gongjindanco-administrationonthepharma-

cokineticsofdonepezilwereobservedafter

singleand7-dayrepeatedoralco-admini-

strationwith1.5hr-intervals(reasonableintervals

consideringtheTmaxafterdonepezilsingle

oraladministrationdetectedintheprevious

study
28)
)asaprocessofthecomprehensive

andintegrativemedicine,combinationtherapy

ofdonepezilwithGongjindantoachieve

synergicpharmacodynamicsandreducetoxicity

inthepresentstudy.After10mg/kgofdonepezil

treatment,Gongjindan100mg/kgwasadministered

with1.5hr-intervals.Theplasmawerecollected

at30minbeforeadministration,30min,1,2,3,

4,6,8and24hrsafterendoffirstandlast7th

donepeziltreatment,andplasmaconcentrations

ofdonepezilwereanalyzedusingLC-MS/MS

methods.PKparametersofdonepezil(Tmax,

Cmax,AUC,t1/2andMRTinf)wereanalysisas

comparedwithdonepezilsingleadministered

rats.

2. Materials &Methods

2.1.Animalsandhusbandry

TotaltenmaleSprague-Dawley(SD)rats(6-

wkolduponreceipt,SLC,Japan)wereused

afteracclimatizationfor9days.Animalswere

allocatedfiveperpolycarbonatecageina

temperature(20-25℃)andhumidity(40-45%)

controlledroom.Light:darkcyclewas12hr:

12hrandfeed(Samyang,Korea)andwater

weresuppliedfreetoaccess.Allanimalswere

markedbypicricacid,andovernightfasted

(about18hrs;waterwasnotrestricted)before

firstandlasttreatment,andfurtherfasted

during3hrsafterendoftreatment.

2.2.Testarticlesandformulation

Gongjindan,preparedandpurchasefrom

DaeguOrientalHospitals,DaeguHaanyUni-
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Table1.CompositionofGongjindanUsedinThisStudy

Herbs ScientificNames Amounts(g/1pill)

Antler(Cornuscerviparvum) CervuselaphusLinne 0.683

Angelicaegigantisradix AngelicagigasNakai 0.683

Ginsengsteamedred PanaxginsengCAMey. 0.683

Cornifructus CornusofficinalisSieb.EtZucc 0.683

Rehmanniaeradixpreparata Rehmanniaglutinosa(Gaertner)Liboschitz 0.683

Musk MoschusmoschiferusLinne 0.122

Honey ApisindicaRadoszkowski 2.506

Goldplate 0.006

Total 8types 6.050

Gongjindan used in thisstudy waspurchased from Daegu OrientalHospitalofDaegu Hanny

University(Daegu,Korea)

versity(Table1;Daegu,Korea)anddonepezil

(JeilPharm.,Co.,Ltd,Youngin,Korea)was

usedascontroldrugaslistedfollows.Donepezil

andGongjindanwerestoredinarefrigeratorat

4℃ toprotectfromlightanddegeneration

untiluse.Bothdrugsarewellsuspendedor

dissolved(upto20mg/mlsuspensionsinGong-

jindanandupto2mg/mlsolutionsindonepezil)

indistilledwaterasvehicle,respectively.

2.3.Groupingsandadministration

Fiveratspergroup(twogroups)wereused

inthisstudyasfollows.Thedosesoftest

materialswereselectedbasedontheirtoxicity

andpharmacodynamics-10mg/kgofdonepezil

with100mg/kgofGongjindan.After10mg/kg

ofdonepeziltreatment,Gongjindan100mg/kg

wasadministeredwith1.5hr-intervals.In

donepezilsingletreatedrats,10mg/kgofdone-

pezilwasorallyadministeredand1.5hrsafter

treatment,onlydistilledwater5ml/kgwas

orallyadministered,insteadofGongjindansus-

pensions.EachdonepezilorGongjindanwas

orallyadministered,inavolumeof5m/kg,

dissolvedindistilledwater,onceadayfor7

days.

2.4.Changesinbodyweights

Changesofbodyweightweredailymeasured

from1daybeforeinitiationofco-administration

tothelast7thco-administrationdayusingan

automaticelectronicbalance(PrecisaInst-

rument,Switzland).Atinitiationandlast7th

administration,allexperimentalanimalswere

overnightfasted(waterwasnot;about12hr)

toreducethedifferencesfrom feeding.In

addition,bodyweightgainsduringco-

administrationdaysasbodyweightsatlast

7thtreatmentday-bodyweightsatfirsttrea-

tmentday.

2.5.Plasmacollections

Allratswereslightlyanesthesiaunderethyl

ether(DuksanPureChemical,Seoul,Korea)

andbloodsamples(0.5ml)werecollectedinto
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50IUheparinizedtubesviatheorbitalplexus

at30minbeforetreatment(asacontrol),30min,

1,2,3,4,6,8and24hrsafterendoffirstand

last7thoraladministration.Bloodsamples

wereimmediatelycentrifugedfor10minat

13,000rpmandabout0.3mlaliquotsofplasma

werestoredina-70℃ deepfreezeruntil

analysisofdonepezil.

2.6.Samplepreparationand

calibrations

Primarystocksolution,1.0mg/mlofdone-

pezilinacetonitrile(Sigma,MO,USA)and

internalstandardworkingsolution,carbama-

zepine(Sigma,MO,USA)500ng/mlinace-

tonitrilewereprepared.Workingstandard

solutionswerepreparedbydilutionwithace-

tonitrile.Allstandardsolutionswerestoredat

-20℃ inthedarkwhennotinuse,and

calibratedthestandardsamplesas100μlof

blankplasma,workingstandardsolutionsand

internalstandardworkingsolutionweremixed

with100μlofacetonitrile.Themixtureswere

mixedbyvortex-mixingandcentrifugedat

12,000rpmfor10minat4℃.Theclearsuper-

natantsweretransferredtoinjectionvialsand

thealiquotwasinjectedintotheLC-MS/MS

system.Inaddition,100μlofsampleplasma

andinternalstandardworkingsolutionwere

mixedwith200μlofacetonitrile.Themixtures

weremixedbyvortex-mixingandcentrifuged

at12,000rpmfor10minat4℃.Clearsuper-

natants(3.5μl)weredirectlytransferredto

injectionvialsandthealiquotwasinjected

intotheLC-MS/MSsystem.

2.7.LC-MS/MSconditions

Concentrationsofdonepezilintheratplasma

samplesweredeterminedLC-MS/MSmethod.

Chromatographicanalysiswasperformedusing

anAgilent1100SeriesHPLC(AgilentTechno-

logies,CA,USA)equippedwithon-linedegasser,

binarypump,autosamplerandcolumncom-

partment.Separationoftheanalytefrompoten-

tiallyinterferingmaterialwasachievedat

ambienttemperatureusingWatersXterraMS

C18columns(2.1×50mm,3.5μm)(WatersCorp.,

MA,USA)atcolumnoven30℃.Themobile

phaseusedforthechromatographicseparation

wascomposedof2%acetonitrile/98%distilled

water(0.1%formicacid)to98%acetonitrile/2%

distilledwater(0.1% formicacid),andwas

deliveredisocraticallyataflowrateof0.35ml/

min.Thecolumneffluentwasmonitoredusing

anAPI2000triple-quadruplemass-spectometric

detector(AppliedBiosystems,CA,USA).The

instrumentwasequippedwithanelectrospray

interfaceinpositiveionmode,andcontrolled

bytheAnalystversion1.4.2software(Applied

Biosystems,CA,USA).Sampleswereintro-

ducedtotheinterfacethroughaTurboIonSpray

withthetemperaturesetat400°C.Ahigh

positivevoltageof5.0kVwasappliedtothe

ionspray.Nitrogenwasusedasthenebulizer

gas,curtaingas,andcollisiongaswiththe

settingsof12,6,and8,respectively.Themul-

tiplereactionmonitoring(MRM)detectionmethod

wasemployedforthedetectionofdonepezil

thetransitionsmonitoredwerecarbamazepine

(IS):m/z237>194(Retentiontime:2.4min),

donepezil:380>91(Retentiontime:2.3min).

Calibrationcurvesofdonepezilwerelinearover
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Fig1.ChemicalStructureofDonepezilUsedinThisStudy

therangesstudiedwithr
2
＞0.999.Thelower

limitofquantificationofthedonepezilinthe

ratplasmawas1ng/ml.

2.8.Pharmacokineticanalysis

Theplasmaconcentrationdatawereanalyzed

usinganoncompartmentalmethodoncom-

mercialpharmacokineticsdataanalyzerprograms

(PKsolutions2.0;Summit,CO,USA)
29)
.The

eliminationrateconstant(Kel)wascalculatedby

thelog-linearregressionofdonepezilconcen-

trationdataduringtheeliminationphase,and

theterminalhalf-life(t1/2)wascalculatedby

0.693/Kel.Thepeakconcentration(Cmax)and

timetoreachthepeakconcentration(Tmax)

ofdonepezilintheplasmawereobtainedby

visualinspectionofthedataintheconcentration-

timecurve.Theareaundertheplasma

concentration-timecurve(AUC0-t)fromtime

zerotothetimeofthelastmeasuredconcen-

tration(Clast)wascalculatedusingthelinear

trapezoidalrule
30)
.TheAUCzerotoinfinity

(AUC0-inf)wasobtainedbyaddingAUC0-t

andtheextrapolatedareawasdeterminedby

Clast/Kel.Themeanresidencetimeinfinity

(MRTinf)wascalculatedbydividingthefirst

momentofAUC(AUMC0-inf)byAUC0-inf.

2.9.Statisticalanalyses

Allthemeansarepresentedwiththeirstan-

darddeviationoffiverats(Mean±SDoffive

ratplasmaconcentrationsofdonepezil).The

pharmacokineticparameterswerecompared

usinganon-parametriccomparisontest,Mann-

WhitneyU(MW)test,ontheSPSSforWin-

dows(Release14.0K,SPSSInc.,USA).A

p-value<0.05wasconsideredstatistically

significant.Inaddition,thepercentchanges

betweendonepezilsingletreatedratsanddone-

pezilwithGongjindanco-administeredratswere

calculatedtohelptheunderstandingofthe

effectsofco-administration.
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Fig2.ExperimentalDesignsUsedinThisStudy

After10mg/kgofdonepeziltreatment,Gongjindan100mg/kgwasadministeredwith1.5-hr
intervals.Indonepezilsingletreatedrats,10mg/kgofdonepezilwasorallyadministered

and1.5hrsaftertreatment,onlydistilledwater5ml/kgwasorallyadministered,instead
ofGongjindansuspensions.EachdonepezilorGongjindanwasorallyadministered,ina

volumeof5m/kg,dissolvedindistilledwater,onceadayfor7days,andbloodswere
sampledafterfirstandlast7thdonepeziladministration,respectively.

3. Results

3.1.Changesontheplasma

concentrationsofdonepezil

Nomeaningfulchangesonthebodyweight

andgainsweredetectedinGongjindananddone-

pezilco-administeredratsascomparedwith

donepezilsingletreatedratsthroughoutexp-

erimentalperiods,respectively(Table2,Fig3).

3.2.Changesontheplasma

concentrationsofdonepezil

Donepezilwasdetectedfrom30minto8hrs

afterendofadministrationinthebothdone-

pezilsingleandco-administeredratswithGon-

gjindanafterfirstandlast7thco-administration,

respectively.Gongjindansignificantly(p<0.01or

p<0.05)inhibitedtheabsorptionofdonepezilat

2,4,6and8hrsafterfirst1.5hr-interval

co-administrationofdonepezil10mg/kgwith

Gongjindan100mg/kgascomparedwithdonepezil

singletreatedrats,andtheabsorptionofdone-

pezilwerealsonon-significantbutmarkedly

decreasedat30min,1and3hrsafter1.5hr-

intervalco-administrationascomparedwith

donepezilsingletreatedrats,inthepresent

study.However,nomeaningfulchangesonthe

plasmadonepezilconcentrationsweredetected

Table2.BodyweightgainsduringAdministration(fromfirsttolasttreatment)ofDonepezil

withandwithoutGongjindaninMaleRats

Groups

Donepezil(10mg/kg)

WithoutGongjindanco-administration

(Distillwater)

WithGongjindanco-administration

(100mg/kg)

Bodyweights

Atfirsttreatment[A] 223.80±4.82 222.80±6.06

Atlasttreatment[B] 243.40±8.85 242.60±6.35

Bodyweightgains

[B]– [A] 19.60±6.39 19.80±3.19

Valuesareexpressedasmean±SDoffiverats
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Fig3.ChangesontheBodyWeightsduring1.5hr-intervalCo-administrationofDonepezilwith

andwithoutGongjindaninMaleRats

NomeaningfulchangesonthebodyweightandgainsweredetectedinGongjindan

anddonepezilco-administeredratsascomparedwithdonepezilsingletreatedrats

throughoutexperimentalperiods,inthepresentstudy.Valuesareexpressedas

mean±SDoffiverats.Allanimalswereovernightfastedbeforefirstandlast

treatment.Before,1daybeforefirsttreatmentD,donepezilGJD,Gongjindan.

inGongjindanco-administratedratsascompared

withdonepezilsingletreatedratsafterlast

7th1.5hr-intervalco-administration,except

fornon-significantslightincreasesofplasma

donepezilconcentrationdetectedinGongjindan

co-administratedratsascomparedwith

donepezilsingletreatedratsat1hrafterlast

7th1.5hr-intervalco-administration,inthe

presentstudy(Fig4and5).

Theplasmadonepezilconcentrationsat30min,

1,2,3,4,6and8hrsafterendoffirst1.5hr-

intervalco-administrationwerechangedas

-26.89,-18.17,-29.69,-29.53,-27.88,-26.78and

-25.71%indonepezil+Gongjindantreatedrats

ascomparedwithdonepezilsingletreatedrats,

respectively.

Theplasmadonepezilconcentrationsat30min,

1,2,3,4,6and8hrsafterendoflast7th1.5hr-

intervalco-administrationwerechangedas9.97,

16.45,-7.99,-7.39,-2.89,-14.69and-12.85%in

donepezil+Gongjindantreatedratsascompared

withdonepezilsingletreatedrats,respectively.

3.3.ChangesontheTmax

ofdonepezil

TheTmaxofdonepezilwasslightlyand

non-significantlydecreasedas11.11%inco-

administratedratswithdonepezil10mg/kgand

Gongjindan100mg/kg(1.00±0.00hr)ascompared
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Fig4.PlasmaConcentrationsofDonepezilwithandwithoutGongjindanafterFirstCo-administration

with1.5hr-intervalsinMaleRats

Donepezilwasdetectedfrom 30minto8hrsafterendofadministrationintheboth

donepezilsingleandco-administeredratswithGongjindanafterfirstco-administration,

respectively.Gongjindansignificantly(p<0.01orp<0.05)inhibitedtheabsorption

ofdonepezilat2,4,6and8hrsafterfirst1.5hr-intervalco-administrationofdonepezil

10mg/kgwithGongjindan100mg/kgascomparedwithdonepezilsingletreatedrats,

andtheabsorptionofdonepezilwerealsonon-significantbutmarkedlydecreasedat

30min,1and3hrsafter1.5hr-intervalco-administrationascomparedwithdonepezil

singletreatedrats,inthepresentstudy.Valuesareexpressedasmean±SDoffive

rats.D,donepezilGJD,Gongjindan.*p<0.01and**p<0.05ascomparedwithdonepezil

singletreatedratsbyMW test

withdonepezilsingletreatedrats(00.90±0.65hr)

afterendoffirst1.5hr-intervalco-administration

ofdonepezil10mg/kgwithGongjindan100mg/

kg.However,theTmaxofdonepezilwas

slightlyandnon-significantlyincreasedas

16.67%in1.5hr-intervalsco-administratedrats

withdonepezilandGongjindan(0.70±0.27hr)

ascomparedwithdonepezilsingletreatedrats

(0.60±0.22hr)afterendoflast7th1.5hr-interval

co-administrationofdonepezil10mg/kgwith

Gongjindan100mg/kg,inthepresentstudy

(Table3and5).

3.4.ChangesontheCmax

ofdonepezil

TheCmaxofdonepezilwasnon-significantly

butmarkedlydecreasedas-26.23% inco-
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Fig5.PlasmaConcentrationsofDonepezilwithandwithoutGongjindanafterLast7thCo-administration

with1.5hr-intervalsinMaleRats

Donepezilwasdetectedfrom 30minto8hrsafterendofadministrationinthebothdonepezilsingle

andco-administeredratswithGongjindanafterlast7thco-administration,respectively.Nomeaningful

changesontheplasmadonepezilconcentrationsweredetectedinGongjindanco-administratedrats

ascomparedwithdonepezilsingletreatedratsafterlast7th1.5hr-intervalco-administration,except

fornon-significantslightincreasesofplasmadonepezilconcentrationdetectedinGongjindan

co-administratedratsascomparedwithdonepezilsingletreatedratsat1hrafterlast7th1.5hr-

intervalco-administration,inthepresentstudy.Valuesareexpressedasmean±SDoffiverats.D,

donepezilGJD,Gongjindan.

administratedratswithdonepezil10mg/kgand

Gongjindan100mg/kg(155.80±18.74ng)ascom-

paredwithdonepezilsingletreatedrats(211.20±

54.79ng)afterendoffirst1.5hr-intervalco-

administration.However,theCmaxofdonepezil

wasslightlyandnon-significantlyincreasedas

10.94% inGongjindanco-administratedrats

(241.40±23.31ng)ascomparedwithdonepezil

singletreatedrats(217.60±35.32ng)afterend

oflast7th1.5hr-intervalco-administration,in

thepresentstudy(Table3and5).

3.5.ChangesontheAUC

ofdonepezil

TheAUC0-tandAUC0-infofdonepezilwere

significantly(p<0.05)decreasedas-26.02and

-25.90%inco-administratedratswithdonepezil

10mg/kgandGongjindan100mg/kg(453.90±

47.40and476.33±50.82hr․ng/ml)ascompared

withdonepezilsingletreatedrats(613.54±87.85

and642.78±95.33hr․ng/ml)afterendoffirst

1.5hr-intervalco-administration.However,the
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Table3.PharmacokineticParametersofDonepezilwithandwithoutGongjindanafter

FirstCo-administrationwith1.5hr-intervalsinMaleRats

Parameters

Donepezil(10mg/kg)

WithoutGongjindanco-administration

(Distillwater)

WithGongjindan

co-administration(100mg/kg)

Tmax(hrs) 0.90±0.65 1.00±0.00

Cmax(ng/ml) 211.20±54.79 155.80±18.74

AUC0-t(hr․ng/ml) 613.54±87.85 453.90±47.40*

AUC0-inf(hr․ng/ml) 624.78±95.33 476.33±50.82*

t1/2(hr) 1.75±0.21 1.80±0.10

MRTinf(hr) 2.73±0.25 2.71±0.07

Valuesareexpressedasmean±SDoffiverats.Cmax:Thepeakplasmaconcentration,Tmax:Timeto

reachCmax,AUC0-t:Thetotalareaundertheplasmaconcentration-timecurvefromtimezerototime

measured,AUC0-inf:Thetotalareaundertheplasmaconcentration-timecurvefromtimezerototime

infinity,t1/2:halflife,MRTinf:meanresidencetotimeinfinity.*p<0.05ascomparedwithdonepezil

singletreatedratsbyMW test

Table4.PharmacokineticParametersofDonepezilwithandwithoutGongjindan

afterLast7thCo-administrationwith1.5hr-intervalsinMaleRats

Parameters

Donepezil(10mg/kg)

WithoutGongjindanco-administration

(Distillwater)

WithGongjindanco-administration

(100mg/kg)

Tmax(hrs) 0.60±0.22 0.70±0.27

Cmax(ng/ml) 217.60±35.32 241.40±23.31

AUC0-t(hr․ng/ml) 632.21±45.74 656.79±11.72

AUC0-inf(hr․ng/ml) 672.35±58.56 710.84±49.11

t1/2(hr) 1.90±0.25 2.15±0.53

MRTinf(hr) 2.94±0.27 3.08±0.68

Valuesareexpressedasmean±SDoffiverats.Cmax:Thepeakplasmaconcentration,Tmax:Time

toreachCmax,AUC0-t:Thetotalareaundertheplasmaconcentration-timecurvefromtimezerototime

measured,AUC0-inf:Thetotalareaundertheplasmaconcentration-timecurvefrom timezerototime

infinity,t1/2:halflife,MRTinf:meanresidencetotimeinfinity

AUC0-tandAUC0-infofdonepezilwereno

meaningfullychangedas3.89and5.72% in

co-administratedratswithdonepeziland

Gongjindan(656.79±11.72and710.84±49.11hr․

ng/ml)ascomparedwithdonepezilsingle

treatedrats(632.21±45.74and672.35±58.56hr․

ng/ml)afterendoflast7th1.5hr-intervalco-

administration,inthepresentstudy(Table3

and5).

3.6.Changesonthet1/2ofdonepezil

Thet1/2ofdonepezilwasslightlyand

non-significantlyincreasedas3.40% inco-

administratedratswithdonepezil10mg/kgand

Gongjindan100mg/kg(1.80±0.1hr)ascompared
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withdonepezilsingletreatedrats(1.75±0.21hr)

afterendoffirst1.5hr-intervalco-administration.

Inaddition,thet1/2ofdonepezilwasalsoslightly

andnon-significantlyincreasedas13.16% in

co-administratedratswithdonepezilandGon-

gjindan(2.15±0.53hr)ascomparedwithdonepezil

singletreatedrats(1.90±0.25hr)afterendoflast

7th1.5hr-intervalco-administration,inthe

presentstudy(Table3and5).

3.7.ChangesontheMRTinf

ofdonepezil

TheMRTinfofdonepezilwasnon-significantly

changedas-0.77%inco-administratedratswith

donepezil10mg/kgandGongjindan100mg/kg

(2.71±0.07hr)ascomparedwithdonepezilsingle

treatedrats(2.73±0.25hr)afterendoffirst

1.5hr-intervalco-administration.Inaddition,the

MRTinfofdonepezilwasalsonon-significantly

changedas4.69%inco-administratedratswith

donepezilandGongjindan(3.08±0.68hr)as

comparedwithdonepezilsingletreatedrats

(2.94±0.27hr)afterendoflast7th1.5hr-interval

co-administration,inthepresentstudy(Table

3and5).

4. Discussion

Althoughdonepezilisacentrallyacting

reversibleacetylcholinesteraseinhibitor,fre-

quentlyusedforpalliativetreatmentofmild

tomoderateAlzheimer’sdisease1)andforsym-

ptomatictreatmentofpatientswithmild,mo-

derateandseveredementiaoftheAlzheimer’s

type2,3),italsoshowedseveretoxicityin

preclinicalstudies
9)
andundesirablesideeffects

inclinicaluse
10-13)
.Inaddition,donepezilhas

beenshowedvariousdrug-druginteractions
9,15)
,

buttheinteractionswithherbalnaturalproducts

havenotbeenestablishedexceptforsomeres-

trictedsingleherbextractsornaturalcom-

pounds
16-19)
.Gongjindan,atraditionalKorean

polyherbalformulaisoneofthemostfamous

tonicagentsandthehypolipidemicandimmune

stimulatory
20,21)
,anti-oxidative

22)
,anti-gliosis

effects
23)
andanti-dementiaeffects

24,25)
of

Gongjindanarerelativelywelldocumented.

Inthepreviousstudy
28)
,co-administration

ofGongjindanwithdonepezilwithin5min

showedmarkeddecreasesofdonepezilabsorption

andconsequently,reducedtheoralbioavail-

abilityofdonepezil,therefore,theeffectsof

Gongjindanco-administrationonthepharma-

cokineticsofdonepezilwereobservedafter

singleand7-dayrepeatedoralco-admini-

strationwith1.5hr-intervalsasaprocessof

thecomprehensiveandintegrativemedicine,

combinationtherapyofdonepezilwithGongjindanto

achievesynergicpharmacodynamicsandreduce

toxicityinthepresentstudy.After10mg/kgof

donepeziltreatment,Gongjindan100mg/kgwas

administeredwith1.5hr-intervals.Theplasma

werecollectedat30minbeforeadministration,

30min,1,2,3,4,6,8and24hrsafterendof

firstandlast7thdonepeziltreatment,and

plasmaconcentrationsofdonepezilwere

analyzedusingLC-MS/MSmethods.PK

parametersofdonepezilwereanalysisas

comparedwithdonepezilsingleadmini-

steredratsusingnoncompartmentalpharma-

cokineticsdataanalyzerprograms.

Gongjindanmarkedlyinhibitedtheabsorp-

tionofdonepezilregardlessofsampletime,

from 30minto8hrsafterendoffirst1.5hr-
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intervalco-administrationascomparedwith

donepezilsingletreatedrats.Especiallythe

absorptionofdonepezilweresignificantly(p<

0.05)decreasedat2,4,6and8hrsafterco-

administrationascomparedwithdonepezil

singletreatedrats.Accordingly,theCmax

(-26.236%),AUC0-t(-26.02%)andAUC0-inf

(-25.90%)ofdonepezilin1.5hr-intervalco-

administeredratsweredramaticallydecreased

ascomparedwithdonepezilsingletreated

rats,respectively.However,nomeaningful

changesontheplasmadonepezilconcent-

rationsandpharmacokineticparameterswere

detectedafterendoflast7th1.5hr-intervalco-

administrationascomparedwithdonepezilsingle

treatedrats,exceptfornon-significantslight

increasesofTmax(16.67%)detectedinco-

administeredratsascomparedwithdonepezil

singletreatedrats.Thesefindingsarecon-

sideredasdirectevidencesthatGongjindan

alsodecreasedoralbioavailabilityofdonepezil

asinhibitedtheabsorptions,whentheywere

co-administeredwith1.5hr-intervalsas

previous5minco-administrationstudy
28)
,but

theymaybeadaptedafter7dayscontinuous

repeated1.5hr-intervalco-administration.

Allratsusedinthisstudy,showednormal

bodyweightincreasesrangedinnormalage-

matchedratsregardlessoftreatmentinthe

presentstudy
31,32)
.Inaddition,nomeaningful

changesonthebodyweightandgainswere

detectedinGongjindananddonepezilco-

administeredratsascomparedwithdonepezil

singletreatedratsthroughoutexperimental

periods,inthepresentstudy.

Donepezilwaswellabsorbed,witharelative

oralbioavailabilityof100%
33)
.Therateand

extentofabsorptionarenotinfluencedby

foodintakeorthetimeofadministration
34)
.

Donepezilshowedveryhighproteinbindings,

itshowedapproximately96%proteinbindings
35)
,

mainlytoalbumins(about75%)andα1-acid

glycoprotein(about21%).Tmaxofdonepezil

inhumansubjectafteroraladministrationis3

to4hoursandslowlyeliminatedthroughrenal

andbiliarysystem
36)
,t1/2ofdonepezilinhealthy

humanvolunteersisabout70hours
2,37)
.In

rats,Tmaxofdonepezilis0.5～1hrafter

singleoraladministrationandt1/2isabout

2～3hrs
38)
.

Inthepresentstudy,Tmaxofdonepezilin

donepezilsingleoraltreatedratswasdetected

as0.90±0.65hrafterfirst1.5hr-intervalco-

administration,andCmax,AUC0-t,AUC0-inf,

t1/2andMRTinfweredetectedas211.20±

54.79ng,613.54±87.85hr․ng/ml,642.78±95.33hr․

ng/ml,1.75±0.21hrand2.73±0.25hrafterfirst

1.5hr-intervalco-administration,respectively.

IndonepezilwithGongjindanco-administered

rats,Tmax,Cmax,AUC0-t,AUC0-inf,t1/2and

MRTinfofdonepezilweredetectedas1.00±

0.00hr,155.80±18.74ng,453.90±47.40hr․ng/ml,

476.33±50.82hr․ng/ml,1.80±0.10hrand2.71±

0.07hrchangedas11.11,-26.23,-26.02,-25.90,

3.40and-0.77%ascomparedwithdonepezil

10mg/kgsingleoraltreatedratsafterfirst

1.5hr-intervalco-administration,respectively.

Especially,theAUC0-tandAUC0-infof

donepezilindonepezilwithGongjindanco-

administeredratsweresignificantly(p<0.05)

decreasedascomparedwithdonepezilsingle

treatedratsafterfirst1.5hr-intervalco-

administration,respectively.Inaddition,Tmax

ofdonepezilindonepezilsingleoraltreated

ratswasdetectedas0.60±0.22hrafterlast7th

1.5hr-intervalco-administration,andCmax,
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AUC0-t,AUC0-inf,t1/2andMRTinfweredetected

as217.60±35.32ng,632.21±45.74hr․ng/ml,

672.35±58.56hr․ng/ml,1.90±0.25hrand2.94±

0.27hrafterlast7th1.5hr-intervalco-

administration,respectively.Indonepezilwith

Gongjindanco-administeredrats,Tmax,Cmax,

AUC0-t,AUC0-inf,t1/2andMRTinfofdonepezil

weredetectedas0.70±0.27hr,241.40±23.31ng,

656.79±11.72hr․ng/ml,710.84±49.11hr․ng/ml,

2.15±0.53hrand3.08±0.68hrchangedas16.67,

10.94,3.89,5.72,13.16and4.69%ascompared

withdonepezil10mg/kgsingleoraltreatedrats

afterlast7th1.5hr-intervalco-administration

assimilartothoseofdonepezilsingletreated

rats,respectively.

Donepezilundergoesfirstpassmetabolism

tofourmajormetabolites,twoofwhichare

knowntobeactive,andanumberofminor

metabolites
36)
.Donepezilismetabolizedby

cytochromeP450isoenzymesCYP2D6and

CYP3A4
36,39)

and,therefore,donepezilcanbe

interacted with otherdrugsacton these

isoenzymes
9,15)
.Afterfirstco-administrationof

Gongjindanwith1.5hr-intervals,theabsorption

ofdonepezilwasalsodramaticallydecreased,

quitesimilartothoseofco-administration

within5min
28)
inthepresentstudy.It,therefore,

consideredthat1.5hr-intervalco-administration

withGongjindanalsocanbereducedthetoxicity

orsideeffectsofdonepezil
10-13)

becausetoxicity

orsideeffectsofdonepezilweredirectlyrelated

totheplasmaconcentrations.However,italso

obviousevidencesthatthereductionofdone-

pezilabsorptionsinducedthedecreasesof

pharmacodynamics.Althoughadaptiontrends

weredetectedafter7-dayrepeatedco-

administrationwith1.5hr-intervals-nomean-

ingfulchangesontheplasmadonepezilcon-

centrationsandpharmacokineticparameters

weredetectedafterendoflast7th1.5hr-

intervalco-administrationwithGongjindanas

comparedwithdonepezilsingletreatedratsin

thepresentstudy,italsoobservedthatGong-

jindanalsodecreasestheoralbioavailability

ofdonepezilasinhibitedtheabsorptionafter

endoffirst1.5hr-intervalco-administration,

quitesimilarasresultsoftheprevious5min

co-administrationstudy
28)
.Therefore,itseems

toneedco-administrationpharmacokinetic

studieswithmoreprolongintervalsthan

1.5hrs,priortothepharmacodynamicsasa

processofcomprehensiveandintegrative

medicine,combinationtherapyofdonepezil

withGongjindan.Moredetailpharmacokinetic

studiesshouldbetestedastheeffectsof

Gongjindanonthepharmacokineticsofdone-

pezil,whentheywereco-administeredwith

moreprolongintervalsthanMRTinfofdone-

pezilsingleoraladministration(about3hr-

intervals)andafterrepeatedco-administrations.

5. Conclusion

Althoughnomeaningfulchangesonthe

plasmadonepezilconcentrationsandpharmaco-

kineticparametersweredetectedafterendof

last7th1.5hr-intervalco-administrationwith

Gongjindanascomparedwithdonepezilsingle

treatedrats,italsoobservedthatGongjindan

alsodecreasestheoralbioavailabilityofdone-

pezilasinhibitedtheabsorptionafterendof

first1.5hr-intervalco-administration,quite

similarasresultsoftheprevious5minco-

administrationstudy
28)
,basedontheresultsof

thepresentstudy.Hence,itseemstoneed
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co-administrationpharmacokineticstudieswith

moreprolongintervalsthan1.5hrs,priorto

thepharmacodynamicsasaprocessofcomp-

rehensiveandintegrativemedicine,combination

therapyofdonepezilwithGongjindan.Iand

mycolleaguesstronglysuggestedthatphar-

macokineticstudiesshouldbetestedlikethe

effectsofGongjindanonthepharmacokinetics

ofdonepezil,whentheywereco-administered

withmoreprolongintervalsthanMRTinfof

donepezilsingleoraladministration(about3hr-

intervals)andafterrepeatedco-administrations
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