
Introduction

ZingiberisRhizoma(ZingiberofficinaleRoscoe)is

aperennialplantnativetoIndiaandSouthEastAsia.It

iscalledShokyo(Zingiberisrhizome)andKankyo

(Zingiberissiccatumrhizome)andisanimportantcon-

stituentofalargenumberofrecipesinKampomedi-

cine,includingShoseiryutoandKakkonto,havinganti-

inflammatoryeffects.Ofthecomponentscontainedin

ZingiberisRhizoma,6-shogaol,thepungentcomponent,

ispresentonlyinminuteamountsinfreshZingiberis

Rhizoma.Itisproducedbydehydrationprocessionfrom

6-gingerol,1)thusincreasedinamount,andconstitutes

themaincomponentofKankyobesidesgingerols.

Todate,6-shogaolhasbeenreportedtohaveanti-

pyreticandanalgesicactivities,2)anti-inflammatoryac-

tivitiessuchasinhibitionofcyclooxygenase-2(COX-

2),3)topromotingdigestionactivitiesbyperistaltic

movement,2,4)andcentraldepressantactionssuchas

suppressionofmotoractivity2)andprolongationof

hexobarbital-inducedsleep.2)Themainmetaboliteof6-

shogaol,6-paradol,hasalsobeenfoundtohave

antimicrobialactivity5)andactivatorprotein1activa-

tion.6)

Toelucidatethepharmacokineticsofthesecompo-

nentshavebeenconducted,thepharmacokineticsof6-

gingerolwerestudiedbycompartmentmodelanalysis
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Abstract

Thisstudyexaminedthepharmacokineticsandpharmacologicalactivitiesof6-shoganol,apungentingredientof

ZingiberisRhizoma,anditsmetabolite,6-paradol.Theconcentrationsof6-shogaoland6-paradolinratplasmadeter-

minedbyLC/MS/MSreachedtheirmaximumvalues(Cmax)at5minutesafteroraladministrationof6-shogaol(10

mg/kg).Both6-shogaoland6-paradolwereeliminatedfromtheplasmawithin2hoursafterinjection.Theplasma

concentrationof6-paradol,themetabolite,wasabout4timeshigherthanthatof6-shogaolatallpointsduringblood

sampling.Next,pharmacologicalactivitiesof6-shogaoland6-paradolwerestudied.Invitroexperimentrevealedthat

thecyclooxygenase-2-inhibitoryactivityof6-paradolwasabout6timesstrongerthanthatof6-shogaol.Invivoex-

periments,6-paradoldemonstratedsignificantlystrongeranti-inflammatory,analgesic,andantipyreticactivitiescom-

paredto6-shogaol.Theseresultssuggestthat6-shogaolinZingiberisRhizomaismetabolizedrapidlyto6-paradol

andthat6-paradolisthemaincompoundhavinganti-inflammatoryactivity.
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ofplasmaconcentrationprofilefollowingintravenous

administrationinrats,andbyelucidatingtheplasma

proteinbindingratio,7)byelucidatingthechangesin

pharmacokineticparametersaftercaudalveininjection

inratswithcarbontetrachloride-inducedhepaticdisor-

der,8)andbyexaminingmetabolitesinraturineandbile.

Ontheotherhand,invitrometabolismexperiments

of6-shogaolhaverevealedparadolcompoundsasre-

ductivemetabolitesintheliverandkidneyofmice,rats,

andhumans.10-12)Chenreportedthat6-paradolandother

metaboliccompoundsweredetectedfromafecalsam-

pleafteradministrationof6-shogaolbyoralgavagein

mice.13)Recently,thepresenceofglucuronateandsul-

fateconjugateshasbeenreportedasmetabolitesfollow-

ingadministrationofgingerinhumans.14,15)Whilethere

arealargenumberofexperimentsconcerningthe

pharmacokineticsof6-gingerol,6-shogaolhasbeen

studiedmoreininvitrometabolismexperiments,and

notmanyinvivostudieshavebeenconducted.

Ourpreviousexperimentshowedthat6-shogaolis

metabolizedalmostcompletelyandexcretedintothe

bileafteroraladministrationinrats.16)However,we

havenotyetclarifiedthepharmacokineticsofitsme-

tabolite,6-paradol.Inthepresentstudy,wedeveloped

amethodforquantitativedeterminationof6-shogaol

anditsputativemainmetabolite,6-paradolusing

LC/MS/MS,andstudiedthepharmacokineticsof6-

shogaoland6-paradolfollowingoraladministrationof6-

shogaolinrats.Anti-oxidativeactivity17)andanticancer

activity17,18)areknownasthepharmacologicaleffectsof

6-paradol,buttherehasbeenalmostnoreportabout

anti-inflammatoryactivityof6-paradol.Therefore,6-

shogaoland6-paradolwerecomparedinrelationto

theiranti-inflammatoryactivityinmiceandrats.

MaterialsandMethods

Materials:Standardpreparationsof6-shogaoland6-

paradol(purity�99%)(Figure1)weresuppliedby

Tsumura&Co.(Tokyo,Japan).Otherreagentswere

purchasedfromWakoPureChemicalIndustries,Ltd.

(Osaka,Japan).

Animals:Seven-week-oldmaleSDrats(SPF)andmale

ddymicewerepurchasedfrom TokyoLaboratory

AnimalsScienceCo.,Ltd.(Tokyo,Japan)andwere

usedintheexperimentsafterconditioningforaperiod

ofoneweek.Theexperimentswereconductedincom-

pliancewiththerulesregardinganimalexperimentsset

byMusashinoUniversitybasedonthelawofhumane

treatmentandmanagementofanimals,basicrulesfor

keepingandmanaginganimals,andbasicpolicyforthe

conductofanimalexperimentsinresearchfacilities.

Administrationof6-shogaoltorats:6-shogaolwas

suspendedin2%Tween80insaline.Ratsweregiven

thesuspensionof6-shogaolatadoseof10mg/kgby

gavageunderfastingcondition,andbloodwascollected

fromthecaudalveinusingaheparinizedsyringeat5,

15,30,60,and120minutesafteradministration.Plasma

wasseparatedbycentrifugationat4℃,1,000g,for10

minutes.Thesampleswerestoredat-20℃ untilmeas-

urementofconcentrationsof6-shogaoland6-paradol

byLC/MS/MS.

Measurementofconcentrationsof6-shogaoland6-

paradolinratplasmabyLC/MS/MS:Standardsolu-

tionsof500,100,50,10,5,1,and0.5ng/mLforthe

calibrationcurvewerepreparedbyseriallydiluting6-

shogaoland6-paradolwithamixtureofmethanoland

5mmol/Lammoniumacetate(1:1vol/vol).Asolution

ofethyl4-hydroxy-3-methoxycinnamate(10ng/mL)

waspreparedastheinternalstandard(IS)solutionby

thesamemethod.Then,500mLofpurifiedwater,50

mLofeachstandardsolutionorplasmasample,50mL

ofthemixtureofmethanoland5mmol/Lammonium
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Figure1Chemicalstructuresof6-shogaoland6-paradol.



acetate(1:1,vol/vol)and50mLofISsolutionwere

loadedonanOasisHLBcartridgecolumnforsolid

phaseextraction(NihonWatersCo.,Ltd.,Tokyo,

Japan)andelutedundervacuum.Thecolumnwas

washedwith1mLof10%methanol,and1mLofa

mixtureofcyclohexaneandethylacetate(1:1,vol/vol)

wasusedastheelutingsolution.Theeluatewasevapo-

ratedtodrynessundernitrogen,andtheresiduewasdis-

solvedin150mLofthemixtureofmethanoland5

mmol/Lammoniumacetate(1:1,vol/vol),and20mLof

thesolutionwasinjectedintotheLC/MS/MSsystem.

HPLCoftheLC/MS/MSanalysiswascarriedouton

anAgilent1000series(Agilenttechnologies,Inc.,CA,

USA)usinganAtlantisdC18column(2.1mmI.D.×

50mm,3mm,NihonWaters)coupledwitha10mm

AtlantisdC18guardcolumn.Ammoniumacetate(A)

andmethanol(B)wereusedasthemobilephaserunat

A:B=30:70for2minutesA:B=30to10:70to90for2

to5min.Thecolumntemperaturewas40℃,andthe

flowratewas0.2mL/min.

Tandemmassspectrometrywasperformedusingan

API4000triplequadrupolemassspectrometer(Applied

Biosystems/MDSSCIEX,CA,USA)underthefollow-

ingconditions:ionsource:electrosprayionization(ESI),

voltagesetting:-4500V,negativemultiplereaction

monitoringmode.Themonitoredionswerem/z275.1

→139.0(Q1→Q3)for6-shogaol,m/z=277.0→141.3(Q1

→Q3)for6-paradolandm/z=220.9→205.7(Q1→Q3)

forIS.AnalysisofthedatawasperformedusingAnalyst

1.4software(AppliedBiosystems/MDSSCIEX).The

recoveryratiosof6-shogaoland6-paradolfrom rat

plasmawere87.0%and80.9%,respectively.Thelimit

ofquantitationofthepresentmethodwas0.5ng/mL.

Pharmacokineticparameterssuchasmaximum drug

concentrationinplasma(Cmax)andtimetomaximum

drugconcentrationinplasma(Tmax)weredetermined

usingWinNolin(Ver.5.2)fromtheplasmadrugcon-

centrationvalues.

MeasurementofCOX-1and COX-2inhibition:

Inhibitory activitiesof6-shogaol,6-paradol,and

indomethacinagainstCOX-1andCOX-2wereevalu-

atedusingtheColormetricCOX (ovine)inhibitor

ScreeningAssayKit(CaymanChemicalCo.,USA).

TheactivityofCOXwithoutadditionofthesamplewas

takenas100%.

Anti-inflammatoryactivityoncarrageenan-induced

hindpawedema:MaleSDratsweregiven,bygavage,

6-shogaolsuspendedin2% Tween80insaline(100

mg/kg),6-paradolsuspendedin2%Tween80insaline

(100mg/kg),orpurifiedwater(control)atadoseof2

mL/kg.After30minutes,0.1mLof1%aqueoussolu-

tionofcarrageenanwasinjectedsubcutaneouslyintothe

righthindpaw,andthehind-pawvolumewasmeasured

at0.5,1,2,and5hoursusing7140Plethysmometer

(UGOBasile,Italy).Thehind-pawvolumeat30min-

utespriortoadministrationwastakenas100%.

Analgesicactivityonaceticacid-inducedwrithingre-

sponse:Maleddymiceweighing30to33gwerefasted

for18hoursandgivenoraladministrationofasuspen-

sionof6-shogaol,6-paradol,oraminopyrinein2%

Tween80(100mg/kg)atadoseof0.1mL/10gbody

weight.After10minutes,theanimalsweregiven

intraperitonealadministrationof0.1mL/10gbody

weightof0.7%aceticacid.Startingat10minutesafter

injectionof0.7%aceticacid,thenumberofwrithingre-

sponsesduringthefollowing10minuteswasrecorded.

Animalsinthecontrolgroupweregiven0.1mL/10g

bodyweightof2%Tween80bytheoralroute.

Antipyreticactivityonyeast-inducedfeverinmice:

Maleddymiceaged8to11weekswerefastedfor18

hoursandthengivenasubcutaneousinjectionof20%

yeastsuspensioninphysiologicalsalineintheback.The

rectaltemperaturemeasuredafter18hoursusing

ThermalertTH-5(PhysitempInstruments,Inc.,USA)

wasusedasthereferencebodytemperature.At19hours

afteryeastadministration,theanimalsweregivenoral

administrationof0.1mL/10gbodyweightof6-shogaol

suspensionin2%Tween80or6-paradolsuspensionin

2%Tween80,correspondingtodosesof70mg/kgand

140mg/kg,oraminopyrinecorrespondingtoadoseof

100mg/kg.Therectaltemperaturewasmeasuredat30,

60,and120minutesafterdrugadministration.Animals

inthecontrolgroupweregivenanoraldoseof0.1

mL/10gbodyweightof2%Tween80.

Testofsignificance:Thedataareexpressedasmean

± SE.Statisticalsignificancewastestedwiththe

Dunnett・stest.
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Results

Measurementofconcentrationsof6-shogaoland6-

paradolinratplasmabyLC/MS/MS:A sample

preparationmethodusinganOASISHLBcartridgecol-

umnforsolidphaseextractionwasestablished,andcon-

ditionsforLC/MS/MStoisolateanddetect6-shogaol

and6-paradolusingISwereoptimized(Figure2).In

thissystem,goodcalibrationcurveswereobtainedin

therangeof0.5to500ng/mL.

Thedoseof6-shogaoladministeredtoratswasestab-

lishedas10mg/kgbasedontheresultofastudywith
14C-6-shogaolinwhichdosedependencywasobserved

fortherangeof3to30mg/kg.16)Changesinplasma

concentrationsof6-shogaoland6-paradolfollowingan

oraldoseof6-shogaolareshowninFigure3.TheCmax

of6-shogaolinplasma(13.7±5.2ng/mL)wasreached

at5minutesafteradministrationand6-shogaolwas

eliminatedfromtheplasmawithin2hoursafteradmini-

stration.TheCmaxof6-paradolinplasma(43.7±16.3

ng/mL)wasreachedalsoat5minutesafteradministra-

tionof6-shogaol.Theplasmaconcentrationof6-

paradolwasabout4timeshigherthanthatof6-shogaol

atallpointsintimeduringbloodsampling.

InhibitionofCOX by6-shogaoland6-paradol:

Inhibitoryactivitiesof6-shogaol,6-paradolandindo-

methacin(control)againstCOXwereevaluatedusing

anassaykit.Indomethacinshowedthestrongestinhibi-

toryactivityagainstCOX-1,and6-shogaoland6-

paradolshowedweakinhibitoryactivitiesofsimilar

magnitude(Table1).Indomethacinshowedthestrong-

estinhibitoryactivityalsoonCOX-2,andthough

slightlyweakerthanindomethacin,6-paradollikewise

stronglyinhibitedCOX-2.Theinhibitoryactivityof6-

shogaolonCOX-2was6timesweakerthanthatof6-

paradol.

TheCOX-2selectivityindex(ratioofCOX-1IC50/

COX-2IC50)ofindomethacinwas0.2,comparedtoan

indexof2.1for6-shogaolandof10for6-paradol.Of

thethreecompounds,6-paradolwasfoundtoinhibit

COX-2mostselectively.

Anti-inflammatoryactivityoncarrageenan-induced

paw edema:Subcutaneousinjectionofcarrageenan

isknowntocauseanincreaseinpaw volumeand

edema.19)Animalsinthecontrolgroupshowedanin-

creaseinpawvolumeuntil30minutesafterinjection,

andat5hours,thepawvolumewasabout1.4timesof

thatbeforeinjection.Inanimalsthatreceiveda6-

shogaolinjection,increaseinpawvolumewassup-

pressedcomparedtothatinthecontrolanimals;

however,theactivitywasnotsignificant.Inanimalsthat
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Figure2LC/MS/MSMRMchromatogramsofStandardsolution
(6-shogaol,6-paradol,I.S.;10ng/mLeach).

Figure3Plasmaconcentrationof6-shogaoland6-paradolafter
oraladministrationof6-shogaol(10mg/kg)inrats.
Eachvaluerepresentsthemean±SE.(n=6)

Table1IC50ofCOX-1,COX-2,andratioofCOX-1IC50/
COX-2IC50.

COX-1IC50
(mM)

COX-2IC50
(mM)

RatioofCoX-1
IC50/COX-2IC50

6-shogaol 403.89 192.74 2.1

6-paradol 328.89 31.89 10.3

Indomethacin 2.69 12.55 0.2

Celecoxib17) 82 6.8 12

Meloxicam17) 37 6.1 6.1

Ibuprofen17) 12 80 0.15

Datarepresentthemean±S.E.Mvalue(n=4-7)

Anti-inflammatoryactivityof6-paradol



received6-paradol,ontheotherhand,significantsup-

pressionofpawvolumeincreasecomparedtothecon-

trolgroupwasfoundatallpointsintime(Figure4).

Analgesicactivityonaceticacid-inducedwrithingre-

sponse:Significantdecreaseinthenumberofwrithing

responseswasobservedinthe100mg/kg6-paradol

groupandintheaminopyrinegroupcomparedtothe

controlgroup,whilenodecreaseinwrithingresponse

wasfoundinthe6-shogaolgroup(Figure5).Theanal-

gesicactivityof6-paradolwasnotstrongerthanthatof

aminopyrine.

Antipyreticactivityonyeast-inducedfeverinmice:

Figure6showsrectaltemperaturesat0,30,60,and120

minutesaftereachdrugadministrationrelativetothe

referencetemperatureat18hoursafteryeastadministra-

tion.Nosignificantchangecomparedtothecontrol

groupwasfoundinanimalstreatedwith70mg/kgand

140mg/kgof6-shogaol.Bycontrast,significantde-

creaseinrectaltemperaturewasobservedinanimals

treatedwith6-paradolat0and60minutesafteradmini-

strationof70mg/kgandat30and60minutesafterad-

ministrationof140mg/kg.Therectaltemperaturein

the140mg/kg6-paradolgroupdecreasedbymorethan

2℃within60minutes,andtheantipyreticactivitylasted

forlongerthan1hour.Thecontroldrugaminopyrine

causedsignificantdecreaseinrectaltemperatureby

morethan4℃atalltimepointsof30,60,and120min-

utesafteradministration.Nosignificanteffectof6-

shogaoland6-paradolonnormalbodytemperaturewas

observed(datanotshown).

Discussion

Wehavereportedthatmostof6-shogaolorallyad-

ministeredtoratsisprobablymetabolizedrapidlyand

excreted.16)Inthepresentstudy,asensitivemethodfor

simultaneousquantitativedeterminationof6-shogaol

and6-paradolwasdevelopedusingLC/MS/MSandthe

pharmacokineticsof6-shogaolanditsputativemain

metabolite,6-paradol,inplasmaafteroraladministra-

tionofshogaolinratswereanalyzed.Asaresult,the

Tmaxof6-shogaoland6-paradolwere5minutes.The

concentrationof6-paradolinplasmawasabout4times

higherthanthatof6-shogaolallthetime.Somereports
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Figure4Effectsof6-shogaoland6-paradolonrathindedema
inducedbycarrageenan.Thehind-pawvolumeat30minutes
priorto6-shogaoland6-paradoladministration(100mg/kg,
p.o.)wastakenas100%.Datarepresentthemean±SE.value
(n=4-6)
*,**:Significantlydifferentfromthecontrolatp<0.05,p<0.01

Figure5 Analgesicactivityof6-shogaoland6-paradol(100
mg/kg,p.o.)inwrithingsymptomofmice.Datarepresentthe
mean±SE.value(n=4-6)
*,**:Significantlydifferentfromthecontrolatp<0.05,p<0.01

Figure6Antipyreticactivityof6-shogaoland6-paradol(70mg/
kgor140mg/kg,p.o.)intheBrewer・syeast-febrilemice.Data
representthemean±SE.value(n=7)
*,**:Significantlydifferentfromthecontrolatp<0.05,p<0.01

J.Trad.Med.(Vol.30No.5/62013)



showthat6-shogaolwasmetabolizedinto6-paradolin

livermicrosomesininvitroexperiments.10-12)Inthis

study,whilewedemonstratedthatthe6-shogaolwasab-

sorbedwithin5minutesafteradministration,rapidly

metabolized,andwasconvertedto6-paradol,themeta-

bolictissueof6-shogaolinto6-paradolwerenotre-

vealed.Therefore,infutureitwillbenecessaryto

investigatefurtherwithamoredetailedstudyon

pharmacokineticsandmetabolismof6-shogaolinto6-

paradol.

Itisknownthat6-shogaolinhibitsCOXandthus

exhibitsanti-inflammatoryactivity.3) Inthepresent

study,thepharmacologicalactivitiesof6-shogaoland

6-paradolwerecomparedintermsoftheirinhibitory

activitiesagainstCOX.Theinhibitoryactivitieson

COX-1of6-shogaoland6-paradolwereover120times

weakerthanthoseofindomethacin;theinhibitoryactiv-

ityonCOX-2of6-paradol,ontheotherhand,was3

timesweakerthanthatofindomethacinand6times

strongerthanthatof6-shogaol(Table1).Theindex

ofselectivityforCOX-2(ratioofCOX-1IC50/COX-2

IC50)of6-paradolwas10,comparedtoanindexof2.1

for6-shogaolandof0.2forindomethacin.VanBreemen

reportedthattheparadolsshowedthestrongestbinding

potencytotheactivesiteofCOX-2followedby

shogaols,andthenthegingerolsandgingerdiones,and

suggestedthatthecarbonylgroupatcarbon3wases-

sentialforbindingtoCOX-2.20)Ourresultsarecongru-

entwiththosereportedbyVanBreemen.Considering

theselectivityindexof(ratioofCOX-1IC50/COX-2

IC50)celecoxibandmeloxicam,aselectiveCOX-2in-

hibitor,ofabout12and6.1,21)6-paradolwasshownto

havearelativelystrongselectivityforCOX-2.

Next,weperformedinvivoexperimentsofanalge-

sicactivityinacetic-acidinducedwrithingandantipy-

reticactivityinmicewithyeast-inducedfevertostudy

theanti-inflammatoryactivitiesof6-shogaoland6-

paradol.Strongeranti-inflammatoryactivitywasfound

with6-paradolthanwith6-shogaol.Theseresultsare

consideredtobeattributabletothehigherCOX-2selec-

tivityof6-paradolthan6-shogaol.Anti-inflammatory

activityoncarrageenan-inducedpawedemawasstud-

ied,and6-paradolwasshowntocontinuouslyandsig-

nificantlysuppressededemastartingat30minutesafter

administration.Formationofedemainresponseto

carrageenaninjectionwasbi-phasic,i.e.,thefirstphase

reacheditspeakanddisappearedatabout30minutes

afterinjectionandthesecondphaseoccurredafter1

hourafterinjectionandpersistedforalongperiodof

time.22)Itisknownthathistamineandserotoninarein-

volvedinthefirstphaseedema,23)andthatprostaglandins

areinvolvedinthesecondphaseedema24);itisalsosug-

gestedthatthesecondphaseedemaisassociatedwith

variouschemicalmediatorssuchasnitricoxide(NO).25)

Consideringthesefacts,6-paradolislikelytohaveother

pharmacologicaleffectsbesidesinhibitionofCOX.

Withregardsto6-shogaol,inhibitionofNOproduction

inlipopolysaccharide-activatedRAWcellshasbeenre-

ported.26)Inthepresentstudy,ontheotherhand,thein-

hibitoryactivityof6-shogaoloncarrageenan-induced

edemawasweakerthantothatof6-paradol;itsassocia-

tionwiththemechanismofinflammationmustbestud-

iedinthefuture.

Thepresentstudysuggestedthat6-shogaol,the

maincomponentofZingiberisRhizoma,ismetabolized

to6-paradolinthebodyand6-paradolexhibitsstrong

anti-inflammatoryactivity.Theresultsindicatenotonly

elucidationofthemechanismofactionofZingiberis

Rhizomabutalsosuggestpotentialclinicalapplication

of6-paradolwithitsanti-inflammatoryactivity.These

anti-inflammatoryeffectsof6-shogaoland6-paradol

oughttocontributetothepotenciesofKampomedi-

cinesincludingZingiberisRhizoma.
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