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Chapterl.

Introduction

1.1.Sportslnjuly

Eveniftheexercisemtensityisatanamateurlevel,thereisahighriskofpamm

variouspartsofthebodyduetofatigueorexcessivemovementduetotraining(1).

Additionallyjathletesperbrmmgcompetitivesportsexerttheirstrengthatpeaklevels,

aiminghrpodiumsandmedals,andexertingenduranceactivitiesatlevelsclosetotheir

ownlimits.Therefbre, sportsinjuriesareanoccupationalriskfbreliteathletes(2).

Sportsinjulyisroughlydividedintotraumaticandoveruseinjuries.nPaumaticinjuryis

causedbyalargeexternalfbrce,andatypicalexampleisasuddeninjurysuchas

dislocation, bonehacture, sprain, ligament injuWW, orsprainednnger. Incontrast,

overuseinjuryiscausedbyoveruseandpersistentloadandincludestenniselbow

(lateral epicondylitis), baseballelbow(medialepicondylitis), stresshactures, and

Achillestendonitis.

Exhaustiveorunaccustomedexercisealsocausesacutemuscledamage,which

causesdelayed-onsetmusclesoreness(DOMS)(3).DOMShasbeenreportedtocause

muscleweakness,muscleswelling,andareducedrangeofmotion(4,5).Themechanism

underlyingthisconditionmightbemechanicaldamagetomusclefbersandsubsequent

innammation;thatis,aferintenseexercise,elevatedplasmamyoglobm,creatinekinaSe

(CK), innammatorycytokines(interleukin[IL]-12p40, 1L･6),achemokine(monocyte

chemoattractantprotein[MCP]･1), andmyeloperoxidase(MPO) indicateneutrophn
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activation(6-9).MPOisanenzymethatisrichinneutrophilsandconvertshydrogen

peroxidetothemoretoxichypochlorousacidandcausesoxidativestress.

1.2.InnammationandOxidativeStressCausedbyExercise

Highintensityorprolongedmusclecontractionactivitydamagesskeletalmuscles.

Therearealsomanycommonantiesbetweenthesymptomsofexercise-inducedmuscle

damageandtheclassicsignsoflocalinnammation(pain,tver,redness,swelling,and

Ioss offimction). Innammationisanimportantprocess inmusclerepairand

regeneration(10,11).However,excessiveexerciseinducesinnammation,andmuscle

censalsoreleasevariouscytokinesthatcauseinnammation(12).Chemokinesinducethe

invasionofphagocyticcellsintodamagedskeletalmuscleaferexercise.Innammatory

cytokinessuchastumornecrosisfactor(TNF)･uandIL･8,whichareproducedduring

innammation,causethemigrationandmvasionofphagocyticcenstoproducereactive

oxygenspecies(ROS)viaNAJ)PHoxidaseandMPO. Innammatorycytokinesalso

directlyenhanceROSproductionmthemitochondria.

Exercisecausesanincreaseinpro･innammatorycytokines, inturnincreasing

muscleoxidativestress,whichcanleadtoaviciouscycleandfilrtherincreasem

inmammation(10). Incontrast,ROSareinvolvedmthesecretionofmnammatory

cytokmes. InthiswayD innammationandoxidativestressarecloSelyrelated, and

oxidativestressthatexceedsthecontrollabilityofantioxidants, suchasantioxidant

enzymesandvitamins,causesinjurytothebodyanddiseases.Forexample,oxidative

stressiSinvolvedinvariouspathophysiologicalconditionssuchascardiovasculardisease,

cancel;Alzheimer'sdisease,diabetesmellitus,ischemia/reperfUsioninjuWW,rheumatoid

arthritis,andaging(13-16).
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Incontrast,世eeradicalproductionalsooccursduringnormalcellularactivityand

ispartofthenaturalphysiologicalprocessesofannvmgorganisms(13,17).Free

radicalsusuallyactasbothbenefcialandtoxiccompounds(13).Manyimportant

physiologicalfUnctions,suchasmusclecontractionanddrugdetoxifcation,requirelow

levelsofheeradicalshFomROSoroxidativestress.Howeveriadramaticincreasein

ROSduringexhaustiveexercisecandamagecellmembranesandadverselya"ct

skeletalmuscleperformance,causmgmacromoleculardamageandimpairedcell

fimction(17).

1.3.SportsMassage

MassagehasbeenpracticedsinceB.C・years(18,19)andisamanipulativetherapy

developedinEurope.Currentlyjsportsmassageisperhrmedhrthepurposeoffatigue

warm-up,perfbrmance improvement, treatment,andtheconditionmg,recoveryj

preventionofsportsdisorders.Itisbenevedthatmassagecanbeusedtopassivelymove

andstimulatemusclestopromotethecirculationofbloodandlymph, encourage

metabolismmmuscles,andelimmatemuscleftigue.Lubricantsareusedhrmassage.

Forexample, thoseusedasmassagemcludeoil,massagecream,andpowder.When

massagmghrthepurposeofpainreheforinnammationsuppressionassociatedwithan

overuse injury, amedicatedcreamcontainingadrugwithanalgeSicandanti･

innammatoryaction,namelynonsteroidalanti-innammatorydrugs(NSAIDs), canbe

used.Tbpicalanti-innammatorytherapyisanefctivetherapeuticstrategybecauseit

enableslocalanalgesicandanti-inmammatoryeHbctswhnemmimizmgsystemicside

effbcts(20).InEuropeandAmerica,sportsmassageismainlycarriedoutusmgvarious

massageons.Theuseofmassageoilstimulatesbloodandlymphcirculation.Theuseof
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onmakesitpossibletoapplypressuretothetreatedareawhileglidingthehand.This

isaneHbctivemovementagainstpeelmgoHtheadheredfasciaandcontributestothe

efctivenessofsportsmassage.Itisdi伍cultindrymassagetoapplythesametechnique

toawiderangeofareas.Ifessentialoilsareusedtogether,theeHbctofaromatherapy

canbeeWectedinadditiontotheeHbctofmassage.

Sportsmassageiswidelyusedbyathletesaspartoftheirconditiomngregimen.In

"ct,previousmeta･analysesandsystematicreviewshaveshownthatmassagecan

mitigateandpreventDOMS(21).Otherstudieshaveshownthatmassageasawarm-up

improvesmusclenexibinty(21,22);however,itdoesnotseemtoexertapositiveeHbct

onconcentriccalfpeakfbrceandperfbrmanceinthesprint,dropjump,andverticaljump

(22,23).Inaddition,post･exercisemassagehasbeenreportedtoimprovetheexercise

perhrmanceandrecoveryrateofbodybundersafterintensiveexercise(4)andtorelieve

exercise-inducedinnammation(24)andmusclepain(25).Thus, thebeneftsofusing

massagefbrconditionmgarebecomingapparent.Insomecountriesthatparticipatem

theOlympics,notonlymedicaldoctorsandphysiotherapistsbutalsomassagetherapists

participateasmembersofthemedicaldelegationteamthatisaccompaniedbythe

athlete(26).ThelnternationalOlympicCommitteewebsiteshowsthateliteathletesare

actuallyincorporatmgsportsmassageintotheirconditiomng.Canaghanalsoreported

thatatleast787massageswereperbrmedattheOlympicsinBarcelonainl992by

physiotherapistsandmasseursoftheUKteam(27).Fromthesefacts,itcanbeseenthat

hFomthe l990stothepresent, sportsmassagehasbeenconsideredusefUlbr

conditiomngandhasbeenutilizedbyathletes.
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1.4.SportsMassageUsmgEssentialOn

Inthisstudyjsportsaromatherapymassagewasdefnedasamethodofperfbrming

sportsmassageusingessentialoildilutedwithacarrieron.Thismethodisbasedon

Swedishmassage(alsoknownasclassicmassage),whichiswidelyusedworldwideand

isperhrmedusingtechniquessuchasemeurage, petrissage,hPiction, tapotement

(rhythmictapping),compression,andvibration.Thereasonfbrdilutingtheessentialoils

withcarrieroilistoreduceirritationtotheskmandtospreaditevenlyontheskinso

thattheessentialoilisabsorbedovertime.Usuany)aromatherapymassagetopromote

relaxationusesessentialondilutedwithaCarrieroiltoapproximately1%・Incontrast,

insportsaromatherapymassage,essentialoilsdilutedtoahighconcentrationof"10%

areusedtoachievetheexpectedactionofessentialoilcomponents.Anothermethodis

touseessentialoninanundnutedsolution.Thismethodincludeswarmingtheskinwith

theheatofadrieranddroppmgafwdropsofessentialonontothea&ctedareatoallow

ittopenetrate. Inthiscase, thepurposeistoapplyundilutedsolutionssuchas

wintergreenoilorcloveoiltotheskintosuppressbackpamandmenstrualpain.

Asascientifcbasishrapplyingessentialonstosportsmassage,fbrexample,itis

knownthatsomeessentialoilshaveanti-innammatoryandantioxidativeeHbcts(28-33).

Whenperbrmingmassagefbrthepurposeofaneviatmgpainassociatedwithoveruse

injuryandsuppressinginnammation, amedicatedcreamcontamingadrugwith

analgesicandanti-innammatoryaction, suchasindomethacmordiclofbnacsodium

mightbeused.SimUarlyisportsaromatherapymassagecanbeeWectedtoreducethe

innammationcausedbyexercisebyaddingessentialontotheoilusedinsportsmassage.

Anotherwaytoapplyessentialonstosportsmassageistospreadtheessentialoilinthe

room,butitseemsthattheeffbctisstrengthenedbyusingmassageinadditionto
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inhalation.Forexample,astudyinvestigatingtheanxiety-rehevingeHbctofessential

onsmcancerpatientsinthepaniativecareunitshowedthatthemhalationofaromaon

alonewasnoteHbctive(34), buttheeHbctofusingmassageincombinationwas

signifcantlyeHbctive(35,36).Aromatherapymassageismorebenefcialfbranxiety

reliefthanmassageusingcarrieroilwithouttheuseofessentialoils(37).Fromthese

facts, itisconsideredthatthephysiologicale&ctsofessentialoilsareexertedbythe

transdermalabsorptionofactivecomponents.

Essentialoilsarenaturalvolatileproductsextractedhfomvariouspartsoftheplant

andcontainnaturalcompoundsthatarehighlyconcentratedeveninvelysmallamounts

withvariousaromaticcomponents.ThevolatileconstituentsofessentialoilsareusefUl

fbrthesurvivalofplantsandhrodor･mediatedcommunicationbetweenplants,butthe

synthesisofvolatileshasahighmetaboliccost.Forexample,volatilecompoundsthat

arereleasedtotheoutsideofthebodythroughfedmgdamageareusedasindicatorsto

attractpredatorsofherbivorousinsectsandparasiticplants(38-41). Insect-damaged

plantssynthesizevolatnechemicalsatthedamagedsite,whichactasapoisontothe

preytopreventfilrtherdamagehomspreadmg(42). 1thasalsobeenreportedthat

adjacentplantsreceivethisvolatnecompoundandinducetheexpressionofdefbnse

responsegenestomcreaseresistance(43,44).

1.5.AdverseE&ctsofEssentialOilsUsedmSportsAromatherapyMassage

Theessentialonsusedinsportsaromatherapymassageshavealowriskofadverse

e"ctsifsomeprecautionsarehnowed,butthereareafwthmgstokeepmmindwhen

usingthemsaiblyblnsomepeople,ahypersensitivityreactiontoessentialoilscanoccur.

Ifoneisallergicorhassensitiveskin, itissafrtoperfbrmapatchtestinadvanceof
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usingasessentialoilfbrthefrsttime.Inaddition,befreapplyingittotheskm,the

essentialonneedstobedilutedwithacarrieroil. Inaddition, sunexposureafer

applyingcitrusessentialoilssuchasbergamot,bitterorange,andlemoncancausespots.

ltisimportanttonotethismcompetitionsheldoutdoorsduringthedaytime.1naddition,

essentialonsshouldnotbeconsumed(33).AsaserioussideeHbct,deathinchildrenwho

swanowedapproximately5mLofwintergreenonatonetimehasalsobeenreported(45,

46).FinanyjthecurrentsituationinJapanisthattherearenoregulationshressential

ons・Here, themajorityofessentialonsareleganynotincludedinmedicinesand

cosmeticsandaretreatedasmiscellaneousgoods.Furthel;inJapan,onlyatwessential

oils(orangeoil,menthaon, cinnamonoil,cloveol, fbnneloil,etc.)arelistedinThe

JapanesePharmacopoeial7thedition(47);thismeansthatonlytheseessentialoilsare

statutorilyregardedashavingmedicinalproperties.Drugscoveredbyinsuranceare

subjecttotheresponsibnityofthepharmaceuticalcompanyifsideefctsoccuributthere

arenolawsregulatingthesaftyande&ctivenessofthemajorityofessentialoils.Ifany

sideeHbctsoccurhomtheuseofessentialoils,theuserisresponsiblefbrtheirowncare.

Theessentialonsthatarecategorizedintomiscellaneousgoodsdonothavestrict

qualityregulations,andthus,quahtylevelsareconsidereddiverse.Therebre,when

purchasingessentialoils,itisrecommendedtochooseanessentialonthatpresentsthe

productionarea・ extractionsite, extractionmethod, plantcultivationmethod， Hnd

specifcationof characteristic components based on gas chromatography-mass

spectrometry(GC-MS) analysis・ Ifpossible, it is important toselecthigh-quality

essentialoilsthatmeettheEssentialO1sBotanicanyandBiochemicallyDehned

(E.0.B.B.Dp)standards.Assuch,E.0.B.B.D.istheestablishedqualitystandardfbr

essentialoilsfbrmedicalaromatherapyh
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1.6.EssentialOLandDopmg

Dopmgisanactiontoenhancecompetitivenessbyusingsubstancesandmethods

thatareprohibitedbytheWorldAnti-DopingAgency(WADA)topurposelygainan

advantageandachievevictorybThedefmtionofdopingisnothmitedtotheintentional

useofprohibitedsubstances.Itisprohibitedtousevariousmethodstoenhanceone's

abilitytocompete,whetherintentionalornot,andtheconcealmentofsuchviolationsis

alsodefnedasdoping(48).

TheWADAisanmternationalsurveinanceagencyestablishedinNovemberl999

andpublishesarevisedannuallistofbannedsubstancescalledtheWorldAnti-Dopmg

Code(48)(TEblel).Noessentialoilsoringredientsthatviolatethesedopingregulations

areavanableincommonlysoldeSsentialoils.ThewintergreenoilusedinthisStudyis

alsonotasubstanceprohibitedbyWAJ)A.Methylsalicylateisawidelyusedcompound

andisthemammgredientofcompressesprescribedfbrpain.

Thblel.The2020nstofprohibitedsubstancesoftheworldanti-dopmgcode(48)

ProhibitedSubstances

SO・Non-approvedsubstances

S1.Anabolicagents

l,Anabolicandrogemcsteroids

2.Otheranabolicagents

S2・Peptidehormonesgrowthfactors,relatedsubstances,andmimetics

S3.Beta-2agOmStS

S4.Hormoneandmetabolicmodulators

S5.Diureticsandmaskingagents

Prohibitedmedhods

M1.Manipulationofbloodandbloodcomponents

M2.Chemicalandphysicalmampulation

M3.Geneandcelldoping

Substancesandmethodsprohibitedin-competition
Prohibitedsubstances

S6.Stim'】順nt烏

S7.Narcotics

S8・CannghinOidS

S9・Glucocorticoids

Substancesprohibitedinparticularsports
P1.Beta-blockers
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1.7.ThePurposeofThisStudy

SportsaromatherapymassagemightbemoreeHectivethanmassagealone,by

addingtheeHbctofessentialoilstosportsmassage,andisconsideredusehllfbrathlete

conditiomng.Atpresent, thereisinsumcientscientincevidenceregardingtheuseof

essentialonsinthesportsheld,andpreviousstudiesonaromatherapyhavenot血lly

verifedthephysiologicale&ctsofcarrieroils.Thereasonfbrthelackofsufcient

evidenceinthisareaisthatstudiesonhumanshavelargeindividualdi&rences;itis

dimculttoapplyacertamamountofpressurebecausemassageisamanualtherapyjand

consistentresultsarenoteasytoobtain.Therebre, inthisstudyianimalexperiments

wereconducted,andjOjobaoilandwintergreenoil,whichhavebeenreportedtohave

anti-innammatolye&cts,wereappliedtothebacksofmice fbrpercutaneously

absorption,andthefbnowingwasexammed.

VeribwhetherjOjobaonorwintergreenessentialoilappliedbehreexercise

a"ctsendurancecapacityduringtreadmiUrunmng

Confrmthe eHbct ofjojobaoil onbloodbiochemical parametersaher

percutaneousabsorption

Veri6whetherjOjobaoilorwintergreenoilapphedbefJreexercisecananeviate

exercise-mducedinRRmmation

Evaluatethesaftyofthetransdermalabsolptionofwintergreenonbasedon

bloodbiochemicaldata

JOjobaoilisacommonlyusedcarrieroilamongmassagetherapistsduetoitshigh

Sa企呼1naddition,jojobaoilislesspronetooxidationthanotherons,whichmakesit

easierfbrmdividualathletestousebrsportsmassage.Forthesereasons,thebiological

actionofjOjobaonwasexaminedinthisstudyandwasselectedaSthecarrieroilbr
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dnutingwintergreenon.
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Chapter2.

AcuteEnctsofTYansdermalAdministrationofJOjobaOn

onLipidMetabohsminMice

2．11nhoduction

Plant-basedtherapieshrmanydiseaseshavebeenstudiedhralongtime.

Researchiscurrentlybeingconductedtoassesstheapplicationofplant･derived

componentssuchasextractsandessentialoilsfbrmedicaltreatments(49,50)and

insecticides(51).MostimportantlyD aromatherapyandmassageareusedinclinical

settings(52,53)andinsportsmedicme(54)ascomplementaryandalternativetherapies.

Aromatherapymassagesareadministeredbydnutingessentialoilswithcarrieroils.For

example,plant-derivedons(e.g.almondonandjOjobaon)havebeenwidelyusedasskin

emonientsandmoisturizerS(55-58).

Althoughnumerousstudiesonmassagetherapyasacomplementaryoralternative

therapyorinthecontextofsportsmedicinehavebeencarriedout, limitedin幼rmation

isavanableregardingthebeneftsofmassageoilsorcarrieronshrtheskin.

Furthermore, inseveralreviewarticles,thetypeofmassageonusedwasnotindicated

(27, 54, 59･63).Hence, especiany regarding aromatherapy research, the

pharmaceuticallyactiveingredientscontainedineachessentialoilareexpectedtoexert

e"cts,whereastheeffctofthecarrieronitself;usedtodilutetheessentialon,hasbeen

thoughttobenegligible.Similarlyjstudiesonsportsmedicineprimarnybcusonthe

directe&ctofthemassage,becauseofthephysiologicalefCtsofthemassageonitself
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areofennotadequatelyconsidered.Thecommoncarrieroilsthatarenowusedhr

aromatherapymassagesarejOjobaoil,grapeseedon,macadamianuton,andsweet

almondoil.Amongthese,jOjobaoilisoneofthemostwidelyusedcarrieronsworldwide.

AlthoughjOjobaonisoftencategorizedasan"on''becauseofitspaleyenowi

transparent,hquidappearance,itisactuallyahquidwaxester.WaxestersaregeneraUy

straight-chamestersofmono-unsaturatedlong-chainfattyaCidSandfattyalcoholS.The

waxestersproducedbyjOjobaareverysimnartosebumproducednaturanybythe

humanskin.Humansebumiscomprisedofapproximately33%triglycerides,28%bfee

fattyacids,25%waxesters,10%squalene,2%cholesterolesters,and4%cholesterol(64).

Further)waxestersexertmoisturizingefctsandimpartso仕nesstotheskin.JOjoba

('mmmo"dsrachmensidistheonlyplantspeciesknownbrsynthesizingliquidwax,

whichconstitutesapproximately40-60%ofthedryweightofmaturejOjobaseeds(65).

Ingeneral,plant･derivedoilsarerichintriglycerides;therebre,jOjobaoildi&rsffom

otherseedoilsduetothefactthatitcontainsprimarilyliquidwax, ratherthan

triglycerides(66).

Asmentionedabove, jOjobaoil isawaxester, thesameashumansebum

components,andhasbeenconhrmedtobesat.Therefre,jOjobaoilisoneofthemost

commonlyusedcarrieroilamongmassagetherapists. Inaddition, jOjobaonisnot

oxidizedeasnyandlastslongerthanothercarrieroils,whichmakesiteasierfbr

individualathletestousehrsportsmassage.Thus,jOjobaoiliswidelyusedasacarrier

oil, butonlylimitedinformationisavanableonitse&ctsonbloodbiochemical

parameters・ThisstudyaimedtoinvestigatetheeHbctoftransdermaladministrationof

jOjobaoilonbloodbiochemicalparametersmmice・Asaresult,theplasmanon-esteri且ed

fattyacids(NER4)levelsweresignifcantlyincreasedbyabout20%at30mma仕er
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topicalapphcationofjOjobaon.Therefbre, toinvestigatethemechanismofincreased

plasmaNEFAlevela仕ertopicalapphcationofjOjobaon,thisstudyfUrtheranalyzedthe

expressionlevelsofhpidmetabolism-relatedgenesinvarioustissues/organs.

2.2.MateriahandMethodg

221.砥h癖鏥彪m""t

Ananimglgwerecared比rinaccordancewithLawNo. 105andNotihcationNo.6

oftheJapaneseGovernment,andananimalexperimentswerecarriedoutwiththe

approvaloftheAnimalExpermentationCommitteeofTbkaiUniversity(permission

#171096and#181020).

222A"im幻胸

Seven･week･oldmalehairlessmice(Hos-HR-1)werepurchasedfifomHoshino

LaboratoryAnimals,Inc.(Bando,Japan)throughJapanSLC,Inc.(Hamamatsu,Japan),

andhousedattheDepartmentofLaboratolyAnimalScience, theSupportCenterbr

MedicalResearchandEducation,TbkaiUniversi域允ratleaStlweek.A11micewere8

weeksofage(26.9-32.39;average=29.89)duringtheeymeriments・Allmicewere

housedunderspecifcpathogen･ffeeconditionswithastandardcommercialdiet(Clea,

wlbkyo,Japan)andwaterwasprovidedadirbrrumuntiljustbebreeuthanasia.Themice

werehousedat22-24｡Cwith50-60%relativehumidity)underalight･darkcycle(lights

onatO8:00andoHat20:00).

22aCham"麹脂

JOjobaoilwasobtainedhomKenso-Igakusha(Yamanashi,Japan;Lot.GL15A).
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JojobaoiliSafattyacid℃ontainingwaxesterandisdi&renthPomcommonvegetable

oils,richintriglycerides.Basedonthemanuhcturer'spackagemsert,theingredientsof

jOjobaoilusedmthisstudyarelistedin'Ihble2.

Thble2.Fattyacidcompositionofjojobaoil

MWIg/mon Content[%]Name

Eicosenoicacid

Erucicacid

Oleicacid

73.4

14.7

08.3

310.51

338.57

282.47

MW,molecularweight.

224""ez血1e""/丑℃j…I

Onthedayoftheexperiment,allmicewererandomlydividedintotwogroupsof

sixanimalseach,basedonthediHbrenttopicalapphcationsasfbnows:thenaivecontrol

group(26.9-32.39;average=29.79)andtheundnutedjOjobaoilgroup(28.9-31.79;

average=29.99).Miceweretopicanyadmmistered4ILLofjOjobaonpergramofbody

weighttothedorsalarea,30minbebreeuthanasia.ThejOjobaonwasevenlyspreadon

thedorsalskm.AHertopicalapplication,themicewerehousedseparatelyandmonitored

fbradverseeHbctscausedbyoilapphcation, inthefbrmofskinrashes(erythema,

dermatitis,etc.).BloodsamplesweretakenusingheparinhFomtheheartundernght

anesthesiawiththeinhalantisonurane(Abbott, 'Ibkyo,Japan), andthenisolated

issues/organswereimmediately丘ozeninliquidnitrogen・Plasmawasobtamedhom

bloodsamplesbycentriflgationat1500×ghrl5minat4oC・TheSesampleswerestored

at-80oCuntnanalVses.
画

Thesamphngtimewasdeterminedbasedonpreviousstudies,whereinthetime-

dependentconcentrationoftheactiveingredientinbloodwasexaminedusinghairless
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mice (67)andhumans(68), afertransdermalabsorptionoftheessentialon、On

preliminaryanalysis,anincreasemsamphngtimea"ctedlipidmetabolism・Hence,an

tissuesweresampled丘om9a.m.tolla.m.,soasnottoaHbcthpidmetabolisminmice.

Hairlessmicewereusedbecausetherewasnoriskofscratchingthedorsalskinpriorto

transdermaladministration,duetotheprocessofhairremoval.

225;"hemma/,4"""短おofMsma

Plasmalevelsofalbumin(ALB),bloodureanitrogen(BUN),creatinine(CRE),uric

acid(UA),aspartateaminotransfrase(AST),alanmeaminotransfbrase(AIJLT),alkahne

phosphatase(ALP),creatinekinase(CK),totalcholesterol('ILCHO),triglyceride(TG),

phospholipid(PL),NEFA, low-densitylipoproteincholesterol (LDL･C), high･density

lipoprOteincholesterol(HDL-C),tOtalbneacid(TBA),glucose(GLU), lacticacid(LA),

andtotalketonebody('1LKB)weremeasuredbyOrientalYeastCo.,Ltd.flbkyo,Japan).

22aRMAふり胞如画ana碇neEMI…わnAnaな種おZEmg&aﾉ-7yme恥〃me"ge"""

Reac"亙峰a〃f泣睡e…ノ

Immediatelya仕erharvestingtissue/organsamples, eachsamplewashozenin

hquidnitrogenandStoredat-80･CuntnRNAextraCtion,mCludmgtheliverjwhite

adiposetissue(WAT)oftheepididymis, skin,brownadiposetissue(BAT),plantaris

muscle, andtheheart.Basedonthemanufacturer'sinstructions, totalRNAwas

extractedffomthehverusmgtheRNeasyMiniKit(Qiagen,Valencia,CA,USA),total

RNAhomtheheart,plantarismuscle, andskinwereextractedusmgtheRNeasy

FibrousTissueMiniKit(Qiagen),andtotalRNAhOmWWI,andBATwereextracted

usingtheRNeasyLipidTissueMimKit(Qiagen).
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ThepurityandthequalityoftotalRNAhomeachsamplewereassessedbasedon

theopticaldensity260:280nmratio, usingaNanoDrop2000cspectrophotometer

(ThermoFisherScientifc,Tbwksbury,MA,USA).TbtalRNAwasreverse･transcribedto

cDNAusingtheHighCapacitycDNAReversenanscriptionKit(ApphedBiosystems,

Foster;CA,USA), inaccordancewiththemanufacturer'sinstructions.PCRwascarried

outusingtheStepOnePlusTMsystem(AppliedBiosystems),usmgtheFastSYBR

GreenMasterMix(AppliedBiosystems).Thecyclingconditionswereasfbllows:10sat

95｡Cfbrdenaturation,幼uowedby45cyclesat95｡Cfbr5s,57｡CfbrlOs(annealmg),

andlastly)72｡CfbrlOs.Datawerenormalizedto6-actinlevelsasaninternalstandard,

usingthecahbrationcurvemethod.Thegenesandprimersusedarenstedin'1hble3.

Table3.Primersusedhrreal･timepolymerasechamreactionanalysis

Gene AじcesslonnO Forw閉r【I Rever＆e

NM025802.3

NM010719.5

NMOO8509.2

XMOO6531658.3

NMOO1159558.1

NM010325.2

NM011977．4

NM011978.2

NMOO1316688.1

NM011989.5

NMOO9512.2

NMOO1081072.1

NMOO7988.3

XMO112網667.1

XMOO6530113．3

NMOO9127.4

XMOO6520624.3

XMOO6532716.2

NMOO1159289.2

NMOO1355598.1

NMOO7393.5

TGTGGCCTCATTCCTCCTAC

GCTGGGCTGTCAAGCACTGT

CCAATGGAGGCACTITCCA

CCAGGCTACAGTGGGACATT

CCGGGCCAACGTAGAAAACA

AGCGGCTGACCAAGGAGTT

GGCTCCTGGAGCAGGAACA

Tvl,CGGGAACCACAGGTC'IvTC

CAGCTCTACAGCCATGTvlTCTGA

GGCTIICCCTGGTGTACTATGGAT

TTrCTGGGGTrGGCCAAG'IT

GGCTTGAGGATGCCGCTrA

CCTGGATAGCAm,CCGAACCT

ATTGGGCACCCCAGAGCTA

GGGCTCCCTGGATGACAAC

TTCTTGCGAmACACTCTGGTGC

TCTGTGGGCTCACTG'ITCT

GGAGCCATGGAm,GCACATr

GCAACAGCATCTrGCCTGAT

CCATTCACAGCGAGTCTTCA

CCTCCCTGGAGAAGAGCTATG

TCGTGGATGTTGGTGGAGCT

GTAACTGGG'1別GGCTGCCAT

TGGTCCACGTCTCCGAGTC

AAGGAATGCAGGTCCACATC

CCTCCAAACACAGCCAGGAC

GACCCCTGCCACGGAGAT

ACGGAAGTCCCAGAAACCAA

GCAAGGCTwrGTCCCATACCTT

CAAAGATI℃CTGGAGCCTGAGA

ACGATG'ITI℃CTGCTGAGTGGTA

TGGCCAAGGT趾GAAGCAGTG

GTACTCTGGGCTCATGCTATGAAGT

AGCACATCTCGAAGGCTACACA

CCCGCTCCTTCAACTTGCT

TTCCGGGAGGAG'IvrCTGGA

CGGGATTGAATGTTCTTGTCGT

AGGGCTCATCC唖GTCTwm､G

GGCCCGGGAAGTCACTGT

GTGCTAC'ICGTCTCACTr

TGGAAGGGGAATCTGTC画G

TvrACGGAIUTCAACGTCACAC

ｍ
ｌ
２
３
蕊
５
６
１
Ｃ

岬
掘
吻
抄
唖
唖
》
》
》
》
》
》
陸
銅
》
坤
録
》
麺
騨
》

A喀叫adiposetriglyceridehpase;』孟Zhormonesensitivelipase;々泌mpoprotemhpase;qJr-Za,carmtme

pahnitoyltranstrase-1q;m3aclusterofdiHbrentiation36;E4BFmm,plasmamembranehtWacid
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bmdingprotem;"l4TP-Z,httyacidtransportprotem･1;FATPahttyacidtransportprotem-2;FATIP-&

fattyacidtransportprotem-3;FATIP-4fattyacidtransportprotem-4;FI4TP-風ねttyacidtransport

protem･5;FATIP-afattyacidtransportprotem-6;Fa&famyacidsynthase;Acc･ZiacetylcoenZymeA

carbocylase-1;A"2acetyl coenzymeAcarbocylase-2; ,MYf-I, stearoyl･CoAdesaturase･1;"az'･a,

peroxisomeprolifrator-activatedreceptor鯵α;&汐bp-Zqsterolregulatoryelementbmdingprotem-1c; '錘寸－

1,sirtmn-1;如立]-Z,hpin-1;Ac地β-actin.

2.2.7.StatisticalAnalysis

Theresultsareexpressedasmeanistandarderror(SE).Statisticalanalyseswere

perfbrmedusingtheSPSS24.0statisticalsofwarepackage(SPSSJapanlnc., 'Ibkyo,

Japan).Forinter-groupcomparisonsofmeansandtoconhrmthenormahtyineach

groupandeachitem, theShapiro-WnkteStwasperhrmed・Unpairedr-testswere

perfbrmedwhenbothgroupsdisplayedanormaldistributionandMann-Whitney"tests

wereperfbrmedwheneitherofthetwogroupsdidnotdisplayanormaldistribution.The

correlationbetweengeneemressioninvarioustissues/organsandplasmaNEFyllevels

wasassessedbasedontheSpearman'scorrelationcoemcient(I).PvalueslessthanO､05

wereconsideredstatisticaUysigmfcant,whereasPvalueslessthanO､1wereCOnsidered

toindicateasignifcanttendencyAllstatisticaltestsweretwo-tailed.

2.3.Resl'1ts

ZaZ． E罐cおひ画馳gmaB“6P亟血種Im"W〃"耐"#函44〃巴z･"刃"副走rT刀忽ノ

A血z血応t"t"nofM2"baO"

Tbexammetheassociationbetweenplasmabiochemicaldataandthetransdermal

administrationofjOjobaoil,plasmalipidconcentrations,includingthoseof'ILCHO,TG,

PL,andN匪独,alsoknownasheefattyacids(FFA),weremeasured.AsshowninTable

4,plasmaNEFAlevelsweresignifcantlyincreasedincomparisontothoseinthecontrol
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thoseinthecontrolgroup(p<0.05).Incontrast,nosigmhcantdifrenceswereobserved

betweenthetwogroupsinplasma'ILCHO,TG,andPL・HowevelSotherbiochemical

parameters(ALB,BUN,CRE,etc.)remainedunchanged.Tbgetheritheseresultsindicate

that30mina仕erjOjobaonadmimstration,plasmahpidlevelsmcreasedbecauseof

increasedNEFA.

Table4.Comparisonofplasmabiochemicaldatamaccordancewiththepresenceorabsenceof

jOjobaoiltransdermaladmimstration.

Control JOjobaOil

ｊ

ｊ

姻
伽
唖
》
皿
皿
皿
鋤
》
唖
岬
“
鋤
岬
》
”
拙

く
く
く
く
く
く
ｌ
く
ｌ
く
く
く
く
く
く
く
く

Ｏ
Ａ
Ｃ
匹
Ａ
Ｕ
皿

Ｈ

皿
恥
唖
皿
唖
唾
唾
恥
唾
皿
唖
皿
即
肥
唾
皿
呼

士
士
士
士
士
士
士
士
士
士
士
士
士
士
士
士
士

８
９
１
０
５
７
０
８
５
３
２
８
く
り
２
５
０
０

■
寺
●
勺
●
■
ゆ
■
■
■
巳
■
■
■
叩
早
凸

２
５
０
２
９
１
８
３
７
４
６
４
７
１
９
１
７

２
９
０
８
７
６
５
２
４
３
８
１

４
３
１
６
２
３

士
士
士
士
士
士
士
士
士
士
士
士
士
士
士
士
土

９
８
１
２
《
Ｕ
７
７
０
０
７
７
３
３
０
７
８
７

。
●
■
■
寺
■
■
④
■
①
●
巳
■
●
●
●
■

２
３
０
２
７
４
６
０
２
８
７
４
４
１
３
６
８

２
８
１
１
７
６
４
５
４
２
６
３

４
２
１
７
２
３

0．0

1．0

0．0

0－1

6．8

17．0

45．1

1．9

6．7

5．5

22．8 ☆

0．6

1．4

0．0

12．2

5．3

25．4

0．1

1．1

0．0

0．2

15．4

21．9

102．0

2．3

7．7

4．0

36．0

0．4

1．5

0．2

17．5

6．9

25．5

ALB, albumm;BUN, bloodureamtrogen; CRE, creatinine;UA, uricacid;AST, asparatate

aminotransfbrase;ALRalkalinephosphatase;CK, creatinekinase;T-CHO, totalcholesterol;TG,

triglyceride;PL, phospholipid;NEFA, non-esterifedhttyacids;LDL-C, low･densitylipoprotein

cholesterol;m)L-C,high-densitylipoproteincholesterol;TBA,totalbneacid;GLU,glucose;LA, lactic

acid;TLKB､totalketonebodyGValuesaremeansztSE,n=6."P<0.05.

ZaZmang露血"z…m"ZwekofLわ近"企"6"mm三陸なZed碇n""Ubr"1E

f睡画"oz深nsAがEz･"没n"rw""',4"m血由な没Zねnafb胸ゎmOZノ

'IbinvestigatethecauseofincreasedplasmaNEFA,real-timePCRwereperfbrmed
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toevaluateexpressionlevelsofthe fbnowinginvarioustissues/organs: (1) lipid

degradation-relatedgenes;(2)fattyacidtramcking･relatedgenes;(3)lipogenesis-related

genes.Thepercentagevaluesfbrchangesingeneexpressioninvarioustissues/organs

relativetothoseinthecontrolgroupareshowninTable5.

Thble5・Percentagevaluesofchangesmgeneexpressionmvarioustissues/organs.

BA'1、 Pl角ntang血I1scle HeartSkmL血Ver WA'r

Lipiddegradation
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８
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２
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８
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８
５
６
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AEZadiposetriglyceridelipase;HEjhormonesensitivehpase;mllipoproteinlipase;qﾌt-Za,carnitine

palmitOyltransfrase･1u;m3aclusterofdi"rentiation36;F4B恥m,plasmamembranefattyacid

bmdingprotein;F4ZZP-Z,fattyacidtransportprotem-1;FATIP-2fattyacidtransportprotein-2;FAZTP-

a色ttyacidtransportprotem-3;FATP-4fattyacidtransportprotein-4;FI4ZIP-5;fattyacidtransport

protem･5;F4ZP-amttyacidtransportprotein･6;Faafattyacidsynthase;Acc･1,acetylcoenzymeA

carbocylase･1;A"･ZacetylcoenzymeAcarbocylase-2;"d-I, stearoyl･CoAdesaturase･1; frarga,

peroxisomeprolifrator-activatedreceptor-q;&cbp-Zqsterolregulatoryelementbindingprotein-1c;

art-I,sirtuin･1;"iiz-Z, lipm･1.ND.,notdetected.ValuesaremeansztSE,n=6. 1P<0.1,gP<0.05,

謝やく0.01.
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(1)ChangesmtheEXpressionofUpidDegradation･RelatedGenes

TGsareproducedbytheesterihcationofNEFAwithglycerol,whichisproducedby

sugarandalcoholmetabolism.TGsarestoredundertheskinandaroundtheviscera,

andaremetabohzedmtofattyacids,whichserveasenergysources.BothATGLandHSL

enzymesareinvolvedinTGdegradation.A"wassignifcantlyupregulatedinthehver

30minanerjOjobaoiladministration(p<0.05),buttherewasnosignifcantchangeseen

inothertissues/organs・Incontrast,therewerenosignifcantchangesin"召ﾉexpression

inanytissues/organs30minanerjOjobaonadmmistration.Similarlyinochangeswere

observedintheexpressionof“ﾉwhichisinvolvedinlipiduptake,andのｵ-Za,which

regulates6-oxidation.

(2)ChangesmtheExpressionofFatWAcidTraacking-RelatedGenes

SincefattyacidsinthebloodstreamaretakenupbycellsviaCD36,FABPpm,and

FATPmmilyproteins,theexpressionlevelsofthesegeneswereexamined.F4TIP-3was

signifcantlyupregulated inthehver (p<0.05) andF4TP･4was signifcantly

downregulated(p<0.05).HoweverjE4Bfrm,FI47]P-J,"TP･aandF4TP･4were

downregulatedintheskinofmicehomtheexperimentalgroup(p=0.067,0.074,0.076,

and0.082､respectively).

(3)ChangesmtheE"ressionofLipogenesis･RelatedGenes

'Ibassesstheexpressionlevelsoflipogenesis-relatedgenes,thee"ressionlevelsof

Fa&Acc･1,A"Zand&d-Iwereevaluatedviareal-timePCRanalysis."asandAcc-I

intheBATweresignificantlydownregulatedintheexperimentalgroup(P<0.05).

Additionan乳Accq2intheskinandtheplantarismusclewassignifcantlydownregulated
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intheexperimentalgroup(p<0.05).Inassociationwithnpogenesis,&Ebp･Icicodinga

transcriptionfctorassociatedwithfattyacidsynthesisbyupregulatmg鉈α"Z,was

signi6cantlydownregulatedintheskin,BAmandplantarismuscle(p<0.05).However,

艶-Iwasnotupregulatedinanyofthesetissues/organs.

Zaamm程曲加皿盈＃wもenLわr団J4b""""m弓睦なted"zz""r"edm"zmIJs

Z泌Suemり噌洩nSanaMRm"MMLeve"A"巴rZ1没ngriwwwaL4'JmmmZTFrm"of.c厄ﾉW

O"

'Ibconiirmthatthealterations ingenee"ressionlevels intheassociated

tissues/organswerecorrelatedwithelevatedplasmaNEFAlevels,weexammedthe

relationshipbetweengeneeWressionlevelsmvarioustissues/organsandplasmaNEFA

levels('Ihble6).Theresultsoftheanalysisaredescribedasfbnowshrcorrelations

amonglipiddegradation-relatedgenes,fattyacidtra伍cking-relatedgenes, lipogeneSis-

relatedgenes,andplasmaNEFAlevels.

(1)CorrelationsBetweenUpidDegradation･RelatedGenesExpressedmVarious

Tissues/OrgansandPlasmaNEFALevelsAHerTransdermalAd…trationofJOjoba

On

AsshowninTable6andFigurel,hverAg/eXpressionlevelswerepositivelyand

signifcantlycorrelatedwithplasmaNEFAlevels(J･=0.592,p<0.05),andskin雄ノ

e"ressionlevelstendedtobenegativelycorrelatedwithplasmaNEFAlevels(r=-0.427,

p=0.083).
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Thble6.Associationsamonggeneexpressionlevelsmvarioustissues/organsandplasmanon･

esteriiiedfattyacidlevelsassessedonthebasisofcorrelationcoe伍cient.
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A"adiposetriglyceridempase;m4hormonesensitivempase;"Zlipoproteinhpase;"t-Za,carmtme

palmitoyltransferase-1q;m3aclusterofdiHbrentiation36;E4_Bfh〕m,plasmamembranefattyacid

bindingprotem;FATIP-.Z,fattyacidtransportprotein-1;F]47P-2mttyacidtransportprotem-2;FAZIP-

afattyacidtransportprotein-3;FATP-4fattyacidtransportprotein-4;FI4TP-鼠色ttyacidtransport

protem-5;FI47P-afattyacidtransportprotein-6;Faafattyacidsynthase;Acc-1,acetylcoenzymeA

carbocylase-1;Acc-2acetylcoenzymeAcarbocylase-2;銑‘-Z, stearoyl･CoAdesaturase･1;a)az･･a,

peroxisomeprolifrator-activatedreceptor-q; ,灸も"-IGsterolregulatoryelementbindingprotein-1c;

』戯zT･I, sirtmn-1;"nm-Z,hpin･1;WAT,whiteadiposetissue;BAT,brownadiposetissue.N.D.,not

detectedongeneexpressionlevel.Spearman'scorrelationcoemcientsofplasmaNEFAlevelswiththe

expressionlevelsofmpidmetabohsm･relatedgenes.1P<0.1,*p<0.05.
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Figurel.Correlationbetweenplasmanon･esterihedfattyacid(NEFA)levelsandhverA"expression

levelsat30mmaftertopicalapphcationofjOjobaoil.PlasmaNEFAlevelsweresigni6cantlycorrelated

withhverA"expressionlevels(r=0.592,p=0.028).

(2)CorrelationsBetweenFattyAcidTra伍cking-RelatedGenesExpressedmVarious

Tissues/OrgansandPlasmaNEFALevelsAfernpansdermalAdmmtrationofJOjOba

On

Liveraﾒ%e"ressionlevelstendedtobepositivelycorrelatedwithplasmaNEHへ

levels(z･=0.528,p=0.095),whereasskmF4TP･3expressionlevelstendedtobe

negativelycorrelatedwithplasmaNEFAlevels(r=-0.501,p=0.097).

(3) Correlations BetweenLipogenesis-RehtedGenes ExpressedmVarious

Tissues/OrgansandPlasmaNEr遮LevelsAferTransdermalAdministrationofJ"oba

Oil

CardiacjWf-Ze｡叩ressionlevelswerepositivelyandsignihcantlycorrelatedwith

plasmaNEFAlevels(r=0.581,p<0.05).
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(4) CorrelationsBetweenNuclearTranscriptionFactorsExpressedmVarious

Tissues/OrgansandPIasmaNEr血LevelsAner班ansdermalAd…trationofJOjoba

On

Cardiac4〕Zzz-Jexpressionlevelswerenegativelyandsignifcantlycorrelatedwith

plasmaNEE4levels(z･=-0.609,p<0.05).Furthermore, liverSirr･Zand"m-I

expressionlevelstendedtobepositivelycorrelatedwithplasmaNEFAlevels(r=0.592,

p=0.055;z･=0.583,p=0.060,respectively),whereas&汐如-ZceXpressionlevelsinthe

plantarismuscletendedtobenegativelycorrelatedwithplasmaNEFAlevels(r=-0.567,

p=0.054).

2.4.Discuggion

24Z.PoZent虚ﾉMchan虚ms[倣叱2ｶmgELwHjedP"sma皿廻4"PEf

ThereSultshomthepresentstudyshowthatplasmaNEFAlevelsareelevated

upontopicaladministrationofjojobaonmmice.JOjobaoilhasanti･mnammatoryeHbcts,

anti-skin-aginge&cts,woundhealinge&cts,antioxidantefcts,antibacteriale"cts,

andantifUngaleHbcts(55,69･71).However,nostudieshavereportedthee"ctsof

transdermalapplicationofjOjobaononlipidmetabolism. 'Ibourknowledge,thisisthe

frstreportontheanalysisofplasmabiochemicaldataanertransdermaladministration

ofjOjobaoilandgeneexpressionanalysisoflipidmetabolism･relatedgenesmvarious

tissues/organs・InthepresentstudylplasmaNEFAlevelsweresignifcantlymcreased30

minafertopicalapphcationofjOjobaoilfrable4).

ThepotentialmechanismsunderlyingtheelevationinplasmaNEFAlevelsare

describedashnows､Aspreviouslyindicated,jojobaoiliscomposedofaliquidwaxest"

whichisanestercomprisedoffattyacids(73.4%eicosenoicacid,14､7%erucicacid,and
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8.3%oleicacid)andfattyalcohols.Thus,thisstudypresumethatthesefattyacidsare

absorbedmtotheskinand,subsequentlyjmodibrtheexpressionoftranscriptionfactors

andgenescorrelatedwithfattyacidmetabolism, throughamechanismofsubstrate-

dependentgeneeWression.

SinceNEFAlevelswereincreasedinthejojobaoil･treatedgroupbasedonan

exammationofplasmabiochemistry,therelativeexpressionoflipidmetabohsm-related

geneswasanalyzed.NEFAisrapidlymetabolizedinthebloodandhasahalfliffbrl-

2min.ThefbllowingeventsmightelevateplasmaNEFAlevels: (1)TGdegradationin

theWHIlanddecompositionofintrahepaticTGdropletsintofattyacidsandglycerol;(2)

decreasedintracenularuptakeoffattyacidsmtocensbyCD36,FABPpm,andtheHATP

famUy; (3)afattyacidsupplytobloodvialipogenesis.Therehre,real-timePCRwere

perhrmedtoevaluatetheexpressionlevelsinvarioustissues/organsof(1)hpid

degradation-relatedgenes, (2)fattyacidtraficking-relatedgenes,and(3)hpogenesis-

relatedgenes.

SinceTGdegradationinvolvesbothATGLandHSLenzymes,thegenee】叩ression

levelsofbothA"andn/wereanalyzedinthisstudybRegardinglipolysis･relatedgene

eymression,A"wasupregulatedonlyinthehvel3andnochangewasobservedinthe

WAmskin,BAmplantarismuscle, andheart ('Ihble5).Furthermore,asigmncant

positivecorrelationwasobservedbetweentherelativeexpressionlevelsofA"inthe

liverjandplasmaNEFAlevelsaftertopicalapplicationofjojobaoil(Figurel).Therefbre,

degradationofhpiddropletsinthelivermaycontributetotheincreaseinplasmaNEFA

levelsafterthistreatment.BecauseATGLisatriacylglycerolhydrolasethatpromotes

thelipolysisofstoredfat(72),anassociationbetweentheupregulationofA"inthe

liverandelevatedplasmaNEFAlevelsindicatesthathepaticlipolysiscausedtherelease
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ofNEFAintotheblood,andincreasedplasmaNEFAlevels.

SincefattyacidsinthebloodstreamaretakenupbycensviaCD36,FABPpm,and

theFATPfamnyproteins,theexpressionofthesegeneswasexammed.Asaresult,afer

30minoftopicalapphcationofjOjobaon,E4Bfrm,"4ZIP･I,"47P-aand"4Z]P･4tended

tobedownregulatedintheskin・ThereasonhrthismightberelatedtoSREBP･1,which

regulatestheexpressionlevelsof"nz-Z.Lipinlisaco･factorrequiredfbrPAR･q

activation(73),andPPAR･uregulatesF4TPmRNAeymression(74).There比re,the

signifcantdecreaseine"ressionlevelSOf&℃"-"mm･I,and"ar･aintheskincould

berelatedtothefactthattheexpressionlevelsoffttyacidtramckmg-relatedgenesalso

tendedtobedownregulatedintheskin.Consideringthattheskinisthelargestorgan,

thedecreasede"ressionoffburmttyacidtra缶cking-relatedgenesintheskinmight

havepotentiallyincreasedplasmaNEFAlevels.Inthisstudy)skin"4TPa"4TP･5;and

"4TIP-6eymressionlevelswereconSideredatthelowerlimitofdetermmation・These

resultsareconcurrentwiththoseofpreviousstudies(75).Intheliver,althoughF4TP･<ヲ

wassignincantlyupregulated,E4TP-4wassigmfcantlydownregulated・Howeveri

SchaHbrreportedthat"4ZIPmRNAishighlyexpressedinskeletalmuscle,theheart,

andbodyfat,buthundatlowlevelsintheliversofnormalmice(76).Therehre,hepatic

lipidintakemightnotbea"cted,whentakingintoaccounttheofetofincreased

hepatic"47]P-3expressionlevelsbydecreasedhepaticF4TIP-4expressionlevels.

Regardinghpogenesis-relatedgeneexpression,Acetyl-CoAcarboxylase(ACC･1,

ACC-2)promotes&ttyacidsynthesis. Inaddition, fattyacidsynthase(FAS) isan

importantrate-hmitingstepinhpogenesis.ACCcatalyzestheconversionofacetylCoA

tomalonyl･CoA,whichisapotentinhibitorofcarnitinepalmitoyltranstrase･1(CPT1).

Therebre,ACC-2mdirectlypreventstheinnuxoffattyacidsintothemitochondriaand
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subsequentP-oxidation(77).Thus,itispossiblethat6-oxidationofmitochondrialfatty

acidincreaseda丘er30min, subsequenttojOjobaoiladministrationintheskinand

plantarismuscle,whereA"-2geneexpressionwassignifcantlyreduced.SinceSREBP-

1c isamasterregulatoroflipogenesis (78, 79), thereasonfbrthesigmficantly

downregulatedexpressionlevelsofhpogenesis･relatedgenesintheskin,BAmand

plantarismusclecouldberelatedtodownregulatedexpressionof&汐如Zc

242洗彪ntmlmmIApp"thngof瀕加baO""""及J@z"泡盈…e"

Tbdate,severalstudieshaveexaminedthee&ctsofvegetableons,inthepresence

orabsenceofmassage,onneonates,andreportedthatneonatalgrowthispromoted

throughonmassages(80･83).A1thoughthemechanismsofactionareyetunclear,

triglyceridesandfattyacidsaresuggestedtobesignifcantlyelevatedupontopical

applicationofvegetableoils,whichmaypotentianyserveasanutrientsourceand,hence,

prOmoteneonatal growth.MOreovel; some studieshave suggestedthat tOpical

apphcationofvegetableoilsissigmficantlyassociatedwithchangesinvagaltonedurmg

massaging, andchangesingastricmotnityaHeramassage(84).UnMeTG･based

vegetableons, jOjobaonusedinthisstudyisbasedonwaxesters.Howeveri the

signifcantmcreaseinfattyacidsaiertopicalapphcationisafbaturecommontoboth

jOjobaandvegetableoils.

Thesignifcantmcreaseinplasmafattyacidlevelsaaertopicalapphcationof

jOjobaoilprovidesnovelinsightsintothepotentialapplicationsofthisoiltohelppromote

thegrowthofneonates,improvenutritionamongelderlymdividuaIs,improveendurance

exercisesamongathletes, andimprovethetherapeuticeHEctsofphysicaltherapyB

FurtherstudiesareneededtoclaribrwhethertheplasmahttyaCidS,whichmcreased
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upontopicalapphcationofjOjobaoil,areusedasenergysubstrates.

Thisstudyhaspotentiallimitations.First,thedoseofonadministeredtothemice

waslargerthanthedoseusuanyadministeredtohumanshrmassageorrubbing

(equivalentto240mLofonfbra60･kgperson).However,massageandrubbingcould

enhancelipidabsorption.Sincemassageorrubbingincreasesbloodnowandskm

temperature, ithasbeenreportedthatthesetechniquesarelikelytoalterthestratum

corneumstructureandenhancetransdermalabsorption(85).Second,thesmansample

numbercouldhmderthedetectionofsomeshghtdi&rences.Furthermore,theskinhas

n']meroushmctions・However, themostobviousfimctionisbothaphysicalanda

biologicaldefnse・ Therefbre, notall compoundscanpenetrate theskin, anda

characteristicmolecularweightof500DaorlessisimportanthrtransdermalabsoIption

(86).AsshowninThblel,themolecularweightsoffattyacidscontainedmjOjobaoilare

lessthan500Da.HoweverifattyacidscontainedinjOjobaoilarepresentaswaxesters,

anditremainsunclearwhetherwaxestersaredegradedintofattyacidsandalcoholsby

theskinmicronora.Moreover,accordingtoconfbcalmicroscopicstudiesexaminmgthe

penetrationofjojobaonintohumanskin,jojobaoilpenetratesonlyintotheoutermost

layersofthestratumcorneum(57,58,87).Therebre,itisanopenquestionwhetherthe

fattyacidconstitutingthewaxester,perse,arepercutaneouslyabsorbedintotheblood.

A1thoughcertainaspectsremainunknown,itisclearthatspecifcconstituentsofjOjoba

oilpenetratedtheskina仕ertopicalappmcation.

2.5.Conclusiong

ThisstudyshowsthatplasmaNEFAlevelsareelevated30minaftertransdermal

administrationofjOjobaon, thusindicatingthatcertainconstituentsofjOjobaon
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penetratetheskin.ThemechanismunderlyingelevatedplasmaNEFAlevelsmightbe

comprisedofbothenhancedlipolysisviaA"upregulationintheUveISandreducedfatty

acidtramckingviaE4BFｼﾌm,"4TPI,F4TRaand"4TP4downregulationintheskin.

FurtherstudiesareneededtoclaribrwhatconstituentsofjOjobaoilcanbeabsorbed

transdermally
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Chapter3.

EHectsofTbpicalApphcationofJOjobaOnonExercise-

InducedlnfI2mmation

3.1.Introduction

Regularexercisereducestheriskofmanydiseases,suchashypertension,stroke,

coronaryheartdisease, cancer> type2diabetesmenitus, dyslipidemia, 0besity;

osteoporosis,anddepression(88-90). lncontrast,exercise･inducedmuscledamageand

delayed-onsetmusclesoreness(DOMS)arecausedbyexhaustiveexercise(3)andare

characterizedbysecondaryinnammationandpainresultmghFomleukocyteinfltration

intothedamagedmuscle(7,91,92).DOMScausesmuscleweakness,swening,and

reducedrangeofmotion(4,5).Itusuallyoccurswithinthefrst24haaerexhaustive

exerciseandpeaksbetween24and72h(92).Therefbre, relievmgthesymptomsof

muscledamageandmnammationmightbebenefcialtoindividualswhorequirerapid

recoveryintheshortterm(93,94).

Inrecentyears,theusefllnessofsportsmassagefraneviatingexercise-induced

innammation(24)andDOMS(21,59,95)andimprovingmuscleperfbrmancehasbeen

reported(4,59).ItiSbelievedthatmassagecanbeusedtopassivelymoveandstimulate

musclestopromotethecirculationofbloodandlymph,promotemetabonsminmuscles,

andenminatemuscleftigue.InEurope,thebirthplaceofmassage,sportsmassageis

perfbrmedusingvarioustypesofmassageons,suchasjOjobaonandsweetalmondoil.

Byusingtheseons,thehictionbetweentheskinandthehandScanbereduced,andthe
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massagecanbeperformedsmoothly.JOjobaoilisalsousedascarrieronwhendnuting

essentialoils・Althoughthereisextensiveresearchonmassagetherapy)infbrmationon

thebiologicale"ctsofcarrieroilsislimited.Inaddition,somereviewarticleshavenot

indicatedthetypeofmassageoilsusedinpreviousstudies(27,54,59-63).Researchers

andtherapistsseemtoconsiderthebiologicale&ctsofcarrieronsusedtodnute

essentialoilsnegngible.However,jOjobaon,whichisusedmsportsmassage,reportedly

exertsanti-innammatoryefctsagainstcarrageenm･inducedratpawedemaandcroton

oil-inducedearedema(55,96).Therefbre,thisstudyfbcusedonthepossibmtythatjOjoba

onappliedbehreexercisecouldpreventexercise･inducedinflammationassociatedwith

muscledamage.

Meanwhne, itisknownthatlipidutilizationincreasesduringenduranceexercise

(97).Recentlyj itwasrevealedthatplasmanon･esterifedfattyacid(NEFA)levelswere

increasedbyapproximately20%,30minaferthetopicalapphcationofjojobaoilinmice

(98).WhenplasmaNEFAisusedasanenergysourceinskeletalmuscle,itmightafbct

runtime-to-exhaustiondurmgtreadmmrunning.Therehre,thepulposeofthepresent

studywastoinvestigatewhethertopicalapphcationofjOjobaoilpriortotreadmill

runningpreventsexercise-inducedmuscledamageandwhetheritaHbctsruntime･to･

exhRustion.

3.2.MatenalsanIMMethods

aZZ."方向零』"fame"t

Ananimg1gwerecaredhrinaccordancewithLawNo. 105andNoti6cationNo.6

oftheJapaneseGovernment, andalle"erimentalprotocolswereapprovedbythe

InstitutionalAmmalCareandUseCommitteeofWasedaUniversity(2019･A132).
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&224"j加幻胸

Seven･week･oldmalehairlessmice(Hos･HR･1)werepurchasedhfomHoshino

LaboratoryAnimals,Inc.(Bando,Japan)throughJapanSLC,Inc. (Hamamatsu,Japan)

andhousedinabreedingroombratleastlweek.Anmicewere8weeksofage(28.2-

34.89;average=31.19)atthebeginnmgoftheexperiments.Themicewerehoused

underspecihcpathogen-ffeeconditionswithastandardcommercialdiet(MEOriental

yeast,Tbkyo,Japan),andwaterwasprovidedaゴ〃b""m.Themicewerehousedunder

specifcpathogen-heeconditionsat22-24･Cwith50$0%relativehumidityandahght-

darkcycle(lightsonatO8:00andoHat20:00).

aZamemWw"

JOjobaonwasobtainedhomKenso-Igakusha(Yamanashi,Japan;Lot.GL15A).

ThemgredientsofjOjobaoilusedinthisstudyarelistedaccordingtothemanumcturer's

packageinsert(Thble7).JOjobaoil,afattyacid･containingwaxester, isdiffrentfifom

commonvegetableoilsrichintriglycerides(TGs).

Thble7.FattyacidcompositionofjOjobaoil.

MW[g/mol] Contem{%]Name

F1ifDsenoicacid

Fr'1cicadd

Oleicadd

310．51

338．57

282．47

４
７
３

３
４
８

７
１

MW,molecularweight

a24""ezfzen"Z丑Uzひ“ノ

Oneweekbefbreexhaustiveexercise,allexercisegroupmicewereacclimatedto

runningonamotorizedtreadmillat0%gradeandataspeedofl5m/minfbrlOmin.On

thedayofthee]"eriment,allmicewererandomlyassignedtooneofthefburgroups
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containingsevenanimalseachasfbnows:thenaivecontrolgroup(NA);thesedentary

groupwithjOjobaonapplied(JO);theexercisegroupwithnooilapplied(NA+Ex);and

theexercisegroupwithjOjobaonapplied(JO+Ex).Basedontheresultsofprevious

studies(67,68,98),themiceweretopicanyadmmistered4ILLofjOjobaonpergramof

bodyweighttothedorsalskin30minbebretreadmiUrunning.Enduranceexercisewas

perbrmedonamotorizedtreadmill(NatsumeSeisakusyoCo.,Ltd.,'Ibkyo,Japan),and

theruntime-to-exhaustionwasrecorded.MiceintheNA+ExandJO+Exgroupswere

subjectedtotreadmillrunningatlOm/minfbrl5min,血Ⅱowedbyl5m/minand20

m/minfbrl5mineachandthen24m/minataconstant7%gradeuntUexhaustion.The

sedentalygroupwasmadetofastwhnetheexercisegroupwasrunning, inorderto

adjusttedingconditions.Exhaustionwasdefnedastheinabilitytocontinueregular

treadmnlrunmngdespitebemgstimulatedviarepeatedgentletappmgonthebackwith

asiliconrubberspatula・Theendpointofexhaustion血ralloftheruntime-to-exhaustion

testswithmastudywasdetermmedbyatreatment-bUndedsmgleobservertominimize

observerbias.Electricshockwasnotusedinordertoavoidstressingmice.Thismethod,

whichisahumaneimprovementandreducestheconhundingeffctofnegative

reinfbrcementonbloodcytokinelevelscausedbytheuseofshockgrids(99).Immediately

afterexhaustion,bloodsamplesweredrawnfFomtheheartundernghtanesthesiavia

aninhalantisonurane(Abbott,Tbkyo,Japan)andplacedinheparintubes,bllowing

whichisolatedmuscletissueswereimmediatelyffozeninliquidnitrogen・Plasma,

obtainedhPombloodsamplesbycentriflgationatl,500×ghrlOminat4｡C,werestored

at-80｡Cuntilanalysis.

aZaBMhemWw/"4""j極おafZZg""

Plasmalevelsofalanineaminotransfrase(AIJLT), aspartateaminotransfrase
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(AST), alkalinephosphatase (ALP), bloodureanitrogen(BUN), creatinine(CRE),

creatinekinase(CIO,TG,NEFA,glucose(GLU),andlacticacid(LA)weremeasuredat

KotobikenMedicalLaboratories(Tsukuba,Japan).TheplasmalevelsofALTandAST

weredeterminedbytheJSCCtranshrablemethodusingL-TypeALTJ2andL･Type

ASTJ2,respectively(FUJIFILMWakoPureChemicalCorporation,Osaka,Japan).The

plasmaALPlevelwasmeasuredbytheIFCCtranshrablemethodusingL-TypeALP

IFCC(FUJIFILMWakoPureChemicalCorporation).TheplasmalevelofBUNwas

determmedbasedontheurease･GIDHmethodusingL･TypeUN．V(FUJIFnMWako

PureChemicalCorporation).TheplasmaCRElevelwasdeterminedaccordingtoan

enzymaticmethodusingDeterminerLCRE(HitachiChemicalDiagnosticsSystemsCo.,

Ltd.,Tbkyo,Japan).TheplasmalevelofCKwasanalyzedviatheJSCCtransfbrable

methodusmgL･TypeCK(FUJIFILMWakoPureChemicalCorporation).Theplasma

levelsofTGandNEFAweredeterminedbasedonanenzymaticmethodusing

DeterminerC-TG(HitachiChemicalDiagnosticsSystemsCo.) andNEFyl-HRII

(FUJIFILMWakoPureChemicalCoxporation),respectivelyTheplasmaGLUlevelwas

measuredbythehexokinase-G･6･PDHmethodusingL-TypeGlu2(FUJIFILMWako

PureChemicalCorporation)withaBioMajestyTMautomatedanalyzer(JCA-BM9130;

JEOLLtd., 'Ibkyo,Japan).TheplasmalevelofLAwasdeterminedaccordingtoan

enzymaticmethodusingDeterminerLA(HitachiChemicalDiagnosticsSystemsCo.).An

measurements, exceptbrGLU,werequantihedusingaBioMajestyTMautoanalyzer

(JCA･BM8060;JEOLLtd.).

aZaRMAふり胞如nand鈴nem"℃"m"4"""窓お上ゐmgmal-ZmzemjmzzezaseCZanz

"a"画峰a/-7MTTP…ノ
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TissuesampleswerebFozeninliquidnitrogenandstoredat-80｡CuntilRNA

extractionwasperfbrmed.TbtalRNAhFomthesoleusmuscle(slow･twitchmuscle),the

gastrocnemiusmuscle(fast-twitchmuscle),theheart,andtheliverwasextractedusing

acidguanidiniumthiocyanate-phenol℃hlorohrmextraction(100, 101)combinedwith

thebeadhomogemzationmethodusmgaShakeMaserNeo(BioMedicalScience,Tbkyo,

Japan).ThepurityandquahtyofthetotalRNAhomeachsamplewereassessedbased

onthe260:280nmopticaldensityratio,usingaNanoDrop2000cspectrophotometer

(ThermoFisherScientifc,UbwksburyjMA,USA). rlbtalRNAwasreverse-transcribedto

cDNAusingtheHighCapacitycDNAReverse'nanscriptionKit(ApphedBiosystems,

Fostel3CA,USA), inaccordancewiththemanufacturer's instructions. PCRwas

conductedviatheStepOnePlusTMsystem(AppliedBiosystems),usingtheFastSYB"

GreenMasterMix(AppliedBiosystems).Cychngconditionswereasfbnows:10sat95｡C

fbrdenaturation,hllowedby45cyclesat95｡Chr5s,57｡ChrlOs(annealing),and

lastlyi72｡ChrlOs.Datawerenormalizedtoβ没ctmlevelsasaninternalstandard、

usmgthecalibrationcurvemethod.Thegenesandprimersusedarelistedin'1Eble8.

Table8.Prilnersusedhrreal-timepolymerasechainreactionanalysis.

Gene Accessionno. Forwal､。 Reverse

睡
蛇

必
控
６
１０

口
”
“
』

″
″
″
″ １

１
４
２

４
５
蝿
２
蛇
５

１
７
４
８
３
３

６
６
１
４
１
９

３
１
３
５
３
３

８
１
１
０
１
７

０
３
０
１
０
０

０
０
０
０
０
０

ｗ
ｗ
ｗ
ｗ
ｗ
ｗ

TGCCACCTTTTGACAGTGATG

TGTGCCAAGTCTGGAGATGA

GCTACCAAACTGGATATAATCAGGA

CAGAGCCACATGCTCCTAGA

GGGCTGTCACGGAGATCA

CCTCCCTGGAGAAGAGCTATG

TGTGCTGCTGCGAGATTTGA

TTCTTTGTTCTTGCTCAGATCAGT

CCAGGTAGCTATGGTACTCCAGAA

TGTCCAGCTGGTCCTTTGTT

CCATGATGGTCACATTCTGC

TTACGGATGTCAACGTCACAC

〃-Z6,interleukinl6;"Zza,mterleukinlreceptorantagonist;〃･ainterleukin6;"-ZainterleukinlO;

iⅣaginduciblemtricoxidesynthase;Actb,6･actin.
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Plasmalevelsofgranulocytemacrophagecolony･stimulatingfactor(GM･CSF),

monocytechemoattractantproteinl(MCP-1),interfron(IFN)･6,IFN･Y,interleukin

(IL)･1q, IL-16, IL-6, IL･10, IL-12p70, IL･17A, IL-23, IL-27,andtumornecrosisfactOr

(TNF)-qweremeasuredusingtheLEGENDplexTMMouselnnammationPanel(LotNo.

B298993;Catno. 740150;BioLegend,SanDiego,CA,USA) inaccordancewiththe

manufacturer'sinstructions.TheanalysiswasperhrmedviaaBDLSRFortessaSpecial

OrderResearchProductanalyticalcytometer(BectonDickinson,SanJose,CA,USA)

anddatawereevaluatedusingtheLEGENDplexTMDataAnalysissoaware.

32＆‘鏥錨zz砲/4"""窓由

Valuesareprcscntedasmcan*Standardcrror(SE).ForcomparisOnSbetwecntwo

groups,theStudent'sunpairedj-testwasused.BefbreusingtheStudent'sunpaired､

test, theShapiro-Wilktestwasper允rmedtoconHT･mwhetherthedatasatishedthe

normalityassumption.Forcomparisonbetweenthemeansoffurgroups, one-way

analysisofvarianceandTukey'spo鋤力octestwereperibrmed. Correlationswere

determinedusingSpearman'scorrelationanalysis.Statisticalanalyseswereperformed

usingtheSPSS24.0softwarepackage(IBMJapanInc., 'Ibkyo,Japan).Statistical

signifcancewassetasp<0.05.

3.3.Results

aaZ.Emcrof"mWIAIW"tmmof｡Zn2d"ntedc心わmQ翅匪允2℃E強Ez忽おeonmT"""没迎”

姥'命”刀勿迩理

AsshownmFigure2, therewasnostatisticaldiHbrencebetweenthetwogroups
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inruntime-to･exhaustion(p=0.175).Theruntime-to･exhaustionoftheNA+Exgroup

andJO+Exgroupswas225zt23mmandl85at10min,respectivelyH

N.S.(p=0.175)
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Figure2.Runtime-to･exhaustionintheexercisegroupwithnoonapphed(NA+Ex,n=7)andthe

exercisegrouptreatedwithjOjobaoiltJO+Ex,n=7).Valuesarepresentedasthemean±standawl

error(SE).N,S.,nOtSignincant.

aaZBmThPJ"mg/"4"""短おoffZsmg

Plasmabiochemistlyresultsfbrthesedentalyandexercisegroupsintheabsence

orpresenceofjOjobaoilareshown(Figures3A･L).TheplasmalevelsofAImASmALR

BUN,BUNJCRE,andCKweresignifcantlyincreasedintheNA+Exgroupascompared

toNAgroup,whereastheplasmalevelsofN班独,GLU,andLAweresignifcantly

decreased.SimUarlyl theplasmalevelsofASTIALRBUN,BUN/CRE,andCKwere

increasedmtheJO+ExgroupascomparedtoJOgroup・Thesedifibrenceswere

statisticallysigniEcantfbrASTIALRBUN,andBUN/CREandnearlysignifcantfbrCK

(p=0.058).TheplasmalevelsofGLUandLAweredecreased;thesedi"renceswere

statisticanysigni6canthrGLUandnearlysignifcantfbrLA(p=0.058).Theonly

parameterthatwassignifcantlydi&rentinthesedentarygroupwastheplasmalevels
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ofNEFA;thatis,theplasmalevelsofNEFAweresignifcantlylowerintheJOgroup

thanintheNAgroup・Incontrast,changesmvariousparametersduetotheapphcation

ofjOjobaonwerenotobservedbetweenthetwoexercisegroups(NA+ExandJO+Ex).

A B

400250 鐸
坐

＃
鍔
坐I

200

_L ０
０
０

０
０
０

３
２
１

（
目
ｐ
）
Ｂ
ぬ
ぐ

０
０
５
０
１
１

（
目
ロ
）
白
曰
く

■■■■

０
０

５

、n■
0

，

NA JO NA+Ex JO+Ex NA JO NA+Ex JO+Ex

〔
し
４
３
２
１
０

白
固
く
一
白
ぬ
く

500

辮棒1
－

０
０
０
０

０
０
０
０

４
３
２
１

（
自
口
）
四
目
雪

干 丁

IL _L T
守
一

0

NA JO NA+Ex JO+Ex NA JO NA+Ex JO+Ex

38



園 胃 ３ 四 ． 国 四 閏 旨 こ の ぐ ① 房 島 奄 乙 鈩 月 白 宙 ） シ 、 貞 合 ） 吟 、 弓 霞 固 園 ｅ ） 少 日 嗣 倉 ） 国 ロ ｚ 》 白 ） ○ 両 国 》 （ ９ 画 ご ｚ ろ 詞 固

（ 巴 ｏ 園 ｅ ｚ 固 両 Ｐ Ｓ 目 の （ 巴 ① 貝 ］ 》 四 目 Ｐ 旨 少 冒 昏 の ① 閑 の 曙 。 届 の 胃 。 § の （ ｚ シ ＋ 房 ． 』 ○ ‐ 閏 匙 ・ 筐 。 。 ： 色 目 豆 の ⑳

■

G
L
U
(
m
g
/
d
L
)

g
g

o
0

N
E
F
A
(
m
E
g
/
L
)

g
属

《。
揖

画
c･
閂

｡

B
U
N
(
m
g
/
d
L
)

画
心

一
つ

B
U
N
/
C
R
E
×
1
0
2

の
。

‐
t
o
心

の
“

8
国

｡

ｚ 諺
ト

ｚ 少

コ ー

ｚ 炉
． 「 ‐

ｚ し 』 。 ｚ シ 十 国 × 』 ○ 十 画 開

１ ６

ト
*

』 ○ ｚ シ ＋ 固 炭 』 ○ 十 国 閏

白 ○
』 ○

|
I

ｚ Ｐ ＋ 因 × 』 ○ 十 国 槻

ｚ Ｐ ＋ 固 〆 』 。 ＋ 固 肖

口
蓋 陣
甚

荘 驚
荘

卜
＃

ヨ

ト 昼

卜
、 Ⅱ Ｐ Ｃ ① の

篭
０ １

四 ℃
L
A
(
m
g
/
d
L
)

9
g

g
T
G
(
m
g
/
d
L
)

胃
函

“

。
。

①

１
丁 し ○ ・ つ の

ｄＪ
ｇ
伽 Ｃ ・ 良

Ｅ
皿 ○ ・ ｓ

C
K
×
1
0
3
(
U
/
L
)

ｰ
四
四

g
F
o

色
白

。 ． 。 。

。 ． ｏ ⑭
心
国

。
●

国

ｚ 巽 』 。 ｚ シ ＋ 因 × 』 。 ＋ 詞 ×

ｚ 少

１ １

ｚ 諺 』 ○ ｚ シ ＋ 固 閤 』 ○ 十 画 ×

卜
ト
劃

ｚ 崖
卜

■ 』 岸

卜
』 ○ ｚ 諺 十 固 捌 』 。 ＋ 固 憐

』 。 ｚ 少 十 固 炭 』 。 ＋ 固 〆

、 Ⅱ Ｐ ○ ｍ ｍ

吟

、 Ⅱ Ｐ ｃ ｍ ｍ

鴬
燕

卜
卜

ト



weretakenhfomtheheartmmediatelyafterexhaustion. Inthesedentarygroups(NA,JO),blood

samplesweretakenatthesametimeasthatoftheexercisegroupshrcomparison.Whnemiceinthe

exercisegroupswererunning,thoseinthesedentarygroupswerefastingtoadjustfbedingcondilions.

NA,thenaivecontrolgroup;JO, thesedentarygroupwithjOjobaonapphed;NA+Ex, theexercise

groupwithnooilapplied; JO+Ex, theexercisegroupwithjojobaonapplied;AImalanine

ammotranstrase;AST, aspartateaminotranshrase;ALPP, a止ahnephosphatase;BUN,bloodurea

nitrogen;CRE,creatinine;CK,creatinekinase;TG,triglyceride;NEFA,non-esterifedfattyacids;GLU,

glucose;LA,lacticacid.ValuesaremeansiSE,n=7.*p<0.05ascomparedtotheNAgroup."p<

0.05ascomparedtothecorrespondingsedentarygroup."p<0.01ascomparedtothecorresponding

sedentarygroup."#p<0.001ascomparedtothecorrespondingsedentarygroup.

aaa"c"of"h"zJg""睦巴z涯由eWmZoI･IU碓加"#ZmmIA""thn㎡em"baOZノ

o""e"z…m"Lewehof/hmmm"わ庇睦吻"d鈴亙mmthe,釦んzl宙〃m""

Thisstudymeasuredthemnammation-relatedmRNAexpressionlevelsinvarious

organs/tissuestoassesstheanti･innammatoryeifbctofthetopicalapplicationofjOjoba

oilontreadmillrunninginmice.Inthesoleusmuscle,theexpressionlevelsof"･Jb,"-

aand"･IOgenesweresignificantlyincreasedbyexhaustiveexercise (Figure4).

However>theJO+Exgroupdidnotshowasignifcantincreaseinthee]mressionlevels

ofthesegenesaftertreadmiUrunning・Intheexercisegroups,thegeneexpressionlevels

of"-6and"-ZOweresignificantlylowerintheJO+ExgroupthanintheNA+Exgroup.

Moreoverithee】叩ressionlevelsofiZVagweresignificantlydecreasedinbothgroupsdue

toexercise.Howevel;therewerenosignifcantdifrencesin"-Z"expressionlevels

amongthefburgroups.Inaddition, inthecomparisonbetweenthesedentalygroups,

apphcationofjojobaoilcausednochangesmtheexpressionlevelsoftheinnammation-

relatedgenes.
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Figure4,Geneemressionlevelsofmmammation-relatedcytokinesandJIⅣnsmthesoleusmuscle.NA,

thenaivecontrolgroup;JO,thesedentarygroupwithjOjobaoilapphed;NA+Ex, theexercisegroup

withnoonapplied;JO+Ex, theexercisegroupwithjojobaonapplied;"-Zb, interleukml6;"-1ra,

mterleukinlreceptorantagonist;"･amterleukin6;"-"mterleukinlO;ZNaSinduciblenitricoxide

synthase.ValuesaremeansiSE,n=7.##p<0．01ascomparedtothecorrespondingsedentarygroup.

瀞弾fp<0.001ascomparedtothecorrespondingsedentarygroup.HP<O.01ascomparedtotheNA+Ex

group.
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JO+ExgroupwassignificantlylowerthanthatintheNA+Exgroup.Theexpression

levelsof"･ZOweresignifcantlyincreasedbyexerciseafertheadmmistrationofjOjoba

oil.Furthermore,theexpressionlevelsofiⅣagweresignifcantlydecreasedintheNA+

ExgroupascomparedtothoseintheNAgroup.TherewerenosignifcantdiHbrencesm

"-6and"-ZIHeymressionlevelsamongthefburgroups.Inaddition, inthecomparison

betweenthesedentarygroups, applicationofjOjobaoilcausednochangesinthe

expressionlevelsoftheinflammation-relatedgenes.
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Figure5.Geneexpressionlevelsofinnammation-relatedcytokinesandZNagmthegastrocnemius

muscle.NA, thenaivecontrolgroup;JO, thesedentarygroupwithjojobaonapplied;NA+Ex, the

exercisegroupwithnoonapplied;JO+Ex,theexercisegroupwithjOjobaoilapphed;"-Z6,interleukin

lβ;"1m,mterleukinlreceptorantagonist;"-ainterleukin6;"-Z4interleukinlO;iNagmducible

nitricoxidesynthase.Valuesaremeans:tSE,n=7.fp<0．05ascomparedtothecorresponding

sedentanygroup.##wp<0.001ascomparedtothecorrespondingsedentarygroup.HP<0.01ascompared

totheNA+Exgroup.
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Theeymressionlevelsof"-IOintheheartweresignifcantlyincreasedby

exhaustiveexercise,whereas"Vageymressionlevelsweresignificantlydecreased

(Figure6). Incontrast, therewerenosignifcantdiHbrencesin"･I6,"･"a,and"･6

expressionlevelsintheheartamOngthefburgroups.
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FHgure6・Geneexpressionlevelsofinnammation-relatedcytokinesandZNagmtheheart.NA, the

naivecontrolgroup;JO,thesedentarygroupwithjojobaonappmed;NA+Ex,theexercisegroupwith

nooilapphed;JO+Ex, theexercisegroupwithjojobaoilapphed;〃必mterleukinl6;"-Zra,

mterleukinlreceptorantagomst;刀-ainterleukin6;"-"mterleukinlO;XNnainduciblenit'icoxide

synthase.Valuesaremeans±SE,n=7.##p<0.01ascomparedtothecorrespondingsedentarygroup.

###p<0.001ascomparedtothecorrespondingsedentarygroup.
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alsoincreasedbyexercise,butonlymthejOjobaoil･appliedgroup. Incontrast, the

expressionlevelsofZⅣagweresignifcantlydecreasedonlymtheNA+Exgroupby

exhaustiveexerciSe.
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Figure7・Geneexpressionlevelsofmnammation-relatedcytokmesandZNaSintheliverLNA,thenaive

controlgroup;JO,thesedentarygroupwithjOjobaonapphed;NA+Ex,theexercisegroupwithnoon

applied;JO+Ex,theexercisegroupwithjojobaoilapphed;"･"interleukinlP;"-Zra,interleukinl

receptorantagonist;"･ainterleukin6;"-"mterleukinlO;ZNaSmduciblenitricoxidesynthase.

ValuesaremeansiSE,n=7.#p<0．05ascomparedtothecorrespondingsedentarygroup.##p<0.01

ascomparedtothecorrespondingsedentarygroup.###p<0.001ascomparedtothecorresponding

sedentarygroup.
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Intheexercisegroups,thegenee"ressionlevelsofinnammatorycytokinesinthe

soleusandgastrocnemiusmusclesweresignifcantlyreducedbytheapplicationofjOjoba

on.Therefbre,asshowninFigure8,plasmacytokinelevelswerequantifiedbynow

cytometrytoconfrmwhethersystemiccytokineswerealteredinresponsetothetopical

applicationofjojobaon.TheplasmalevelsoflL-1q,IL-16,IL･10,IL･17A,IL･27,IFN･6,

GM･CSEandMCP-1didnotshowsignifcantchangesamongangroups.Incontrast,the

plasmalevelsoflL-6weresignificantlyelevatedbyexhaustiveexerciseintheNA+Ex

andJO+Exgroups,whereastheplasmalevelsofTNF-qweresignifcantlydecreased

inthesegroups.Inaddition,withrespecttothesedentarygroups,theplasmalevelsof

IFN-yweresignifcantlydecreasedintheJOgroupascomparedtothoseintheNAgroup

andsignificantlydecreasedmtheNA+ExgroupcomparedtothoseintheNAgroup.
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Howeve過hrtheexercisegroups,therewerenosignifcantchangesbetweentheNA+

ExandJO+Exgroupshrallcytokinesmeasured,andtheplasmalevelsoflL･12p70

andlL･23were lowerthanthe limitofdetection(2.54pg/ml and33.09pg/ml,

respectively)
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Figure8.PlasmaCytokinelevelsof(A)IL･1q, (B)IL-16, (C)IL-6, (D)IL-10, (E)IL-17A, (F)IL･27, (G)

IFN-6, (H)IFN-Y, (1)TNF-u,Q)GM-CSEand(K)MCP-1weremeasuredbynowcytometry.NA,the
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naivecontrolgroup;JO,thesedentarygroupwithjOjobaonapphed;NA+Ex,theexercisegroupwith

nooilapphed;JO+Ex,theexercisegroupwithjOjobaonapphed;IL,interleukin;IFN,interfbron;TNF-

q, tumornecrosisfactor-q;GM-CSF, granulocytemacrophagecolony-stimulatingfactor;MCP-1,

monocytechemoattractantprotein1.ValuesaremeansgtSE,n=7_*"p<0.01ascomparedtotheNA

group.#p<0.05ascomparedtothecorrespondingsedenta]ygroup."p<0.01ascomparedtothe

correspondingsedentarygroup.
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Tbinvestigatewhetherprolongedexercisedurationisrelatedtomuscledamage,

thecorrelationbetweenplasmaCKIevelsasamuscledamagemarkerandrunnmgtime

wasconfrmed(Figure9).Asaresult,plasmaCKlevelsweresignifcantlycorrelated

withtheruntime･to-exhaustion(z･=0.723,P<0.001).
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Figure9.Correlationbetweenplasmacreatmekinase(CIOlevelsandtheruntime-to-exhaustionwith

andwithouttopicalapphcationofjojobaon.PlasmaCKlevelsweresignihcantlycorrelatedwithtime-

to-exhaustion(r=0.723,p<0.001).CorrelationsweredeterminedusingtheSpearman'scorrelation

analysis.
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SincetherewasasignifcantcorrelationbetweenthetreadmiUrunningtimeand

plasmaCKlevels (Figure9), thecorrelationbetweenplasmaCKlevelsandthe

expressionlevelsofpro･innammatorycytokines/enzymes("･I6,"･aandJIA/ひ,,and

anti･inmammatolycytokines("-Z"and"-I"wasfUrtheranalyzed.

AsshowninFigurelO,plasmaCKlevelsweresignifcantlycorrelatedwiththe

expressionlevelsof〃必(z･=0.617,p<0.01),"-6(z･=0.874,p<0.001),"-Z"(z･=0.650,

p<0.001),andiAﾉﾛﾀ(r=-0.720,p<0.001)inthesoleusmuscle.PlasmaCKlevelswere

alsosignifcantlycorrelatedwiththee"ressionlevelsof"･J6(r=0.764,p<0.001),"-

I0(r=0487,p<0.01),andiﾊﾉひ9(r=-0.660,p<0.001)inthegastrocnemiusmuscle.
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FigurelO.Correlalionbetweenplasmacreatinekinase(CIOlevelsandinnammation･relatedgenes

expressedinsoleus(slow-twitchmuscle)andgastrocnemiusmuscles(fast-twitchmuscle)withor

withouttopicalapplicationofjOjobaon.PlasmaCKlevelsweresignincantlycorrelatedwiththe

expressionlevelsof"-Z6,"-a"-IaandZNaggenesinthesoleusmuscleandwiththeexpressionlevels

of"-必〃-JaandiNnggenesmthegastrocnemiuSmuscle.Correlationsweredeterminedusing

Spearman'scorrelationanalysis.**P<0.01,***P<0.001.
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3.4.Discuggion
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Thepurposeofthisstudywastoinvestigatewhetherthetopicalapphcationof

jOjobaonbehrerunmngonatreadmillpreventsexercise-inducedmuscledamageand

aHbctstherunningtime-to-exhaustion.Recently) itwasreportedthatplasmaNEFA

levelswereelevated30minaHerthetransdermaladministrationofjojobaoilinmice

(98).Basedonthepreviousresearch,thisstudyinvestigatedwhetherjOjobaoilapplied

30minbefreexerciseprolongsthetime-to-exhaustionduringtreadmmexercise.Asa

result,thedataindicatethatthisdidnotaHbcttheruntime-to-exhaustion(Figure2).

ThereasonfbrthisresultcanbeinfbrredhPomtheplasmabiochemistrydata(Figure3).

First,intheexercisegroups(NA+Ex,JO+Ex),GLUandlAwerelowerthanthosein

thesedentarygroups, indicatingthattheywereconsumedasenergysubstrates.

Moreover, therewasnosigmfcantdiffrenceinplasmaGLUandLAconcentrations

betweentheNA+ExandJO+Exgroups.PlasmalevelsoflL-6werehigherinboththe

NA+ExgroupandJO+Exgroupthanintherest,buttherewasnosignifcantdiHbrence

betweenthetwogroups.AlthoughlL-6iswidelyknownasaninnammatolycytokine, it

hasbeenreportedthatthephysiologicalconcentrationoflL･6alsohasananti-

innammatoryeHbct(100)andametabolicenhancingeffct(101,102).Inthise"eriment,

therewasnosigni5cantdihrenceintheruntime-tO-exhaustionbetweentheNA+Ex

andJO+Exgroups.Therehre,wespeculatethattherewasnodiHbrencemthee&ctof

IL-6onenergymetabolismbetweenthesetwogroups・Fromadiffbrentpointofviewi

sincethetopicalapphcationofjOjobaoildoesnotimproveenduranceexercisecapacityi

itcanbeusedfbrsportsmassagewithoutworrymgaboutdopingregulations.
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Furthermore,CK,whichisamarkerofmuscleinjury(103),A皿ASmandALR

whicharemarkersofhverinjury(104, 105),andBUNandCRE,whicharemarkersof

kidneyinjury, increasedinboththeNA+ExandJO+Exgroups.There允re, itcanbe

infもrredthatthetreadminexerciseswereproperlyperbrmed・Thebct thatno

signifcantdifbrencewasobservedbetweenthetwoexercisegroupswithregardstothe

ahrementionedmarkersimphesthatevenifjOjobaoil isapphedbefbretreadmill

running,thisproceduredoesnotaneviatereversibleorgandamage,causedbyexercise,

totheliver,kidneyS,andskeletalmuscles.

ThedatashowthatplasmalevelsofNEFAweresignifcantlylowerintheJOgroup

thanintheNAgroup(Figure3),Thesedataareinconsistentwiththoseofaprevious

study(98),butthereasonmightbethatthetimefFomapplyingjOjobaontoconecting

bloodwasdiHbrentbetweenthesetwostudies(30mininthepreviousstudyand

approximately3hinthepresentstudy).Inthisstudy>bloodwascollectedatanaverage

of3haieronapphcationbecausethetimewasalignedwiththesamphngofthe

correspondingexercisegroup.Furthermore,thedi"renceintheresultsbetweenthe

presentstudyandthepreviousstudymighthavebeencausedbycircadianrhythmsm

lipidmetabohsm(106･109).

&42"c"of雄ha"g姉宅砥巴z℃おe卵碓hoz･WfMozIt"""IA""如nofe〃ﾉbmO"
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ThepurposeofthepresentstudywastoconhrmwhetherjOjobaoilappliedbefbre

exercisecouldalleviatetheinnammationcausedbyexercise.Tbclaribrthisresearch

question,thee&ctsoftopicalapplicationofjOjobaoilontreadmiUrunnmginmicewere

evaluatedbymeasurmgtheexpressionofinnammation-relatedmRNAsinthesoleus
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muscle,gastrocnemiusmuscle,heart(cardiacmuscle),andliver.Thegeneeymression

levelsof"-Iand"-6as innammatorycytokinesand"-1raand"-IOasanti-

innammatorycytokineswereevaluated.

IL･1rareportedlyinhibitslL-16signal transduction(110). IL-10isananti-

inflammatorycytokine,whichinhibitsthesynthesisofinflammatorycytokines,suchas

TNF-q(111).Therefbre,thee]mressionlevelsof"-Zraand"-I"asanti-mmammatolW

cytokineswereanalyzed.SinceNOsynthaseisinducedintheinnammatoryregionby

innammatorycytokinesandcausescytotoxicityitheeWressionlevelsofiiⅣagwas81So

evaluated・ InducibleNOSiswidelyknownasapro-innammatoryenzymebecauseit

produces20-50timeshigheramountsoftheheeradical (mtricoxide) thanthe

constitutiveisohrmsofNOS(112).

Thisstudyrevealedthatinnammatorycytokinesshowedthattheexpressionlevels

of"-Iband"-6genesinthesoleusmuscleandliverweresignifcantlyincreasedby

exhaustiveexercise.Simnarly>mthegastrocnemiusmuscle,thee"ressionlevelof"-I6

wassignifcantlyincreasedbyexhaustiveexercise.Incontrast,thee"ressionlevelsof

〃-Zband"-6mtheheartwerenotsignifcantlyincreasedbyexhaustiveexercise.We

alsoanalyzedwhetherjOjobaoil,whichhasananti-innammatorye"ct,suppressesthe

genee"ressionoftheseinmammatorycytokinesinducedbyexhaustiveexercise.Asa

result,itwasconfrmedthattheexpressionlevelsof"-Iband"-6inthesoleusmuscle

andtheexpressionlevelsof刀-1binthegastrocnemiusmuscleweresignifcantly

suppressedbyjojobaoilafterexhaustiveexercise(Figure4,Figure5).Theseresults

suggestthatjOjobaoilcanbeapphedtopicallybehreexercisetoreducemnammationm

theskeletalmusclesofthelowerextremities.Incontrast,exercise-inducednver"-6and

"-6geneexpressionwasnotsuppressedbythetopicalapphcationofjOjobaon.
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InallorgansevaluatedmthisstudMtheexpressionlevelsofiⅣひ3were

signiacantlydecreasedbyexhaustiveexercise.ThetopicalapplicationofjOjobaoilhad

noeHectontheexpressionlevelsofZⅣagbetweentheNA+ExandJO+Exgroups.

Notablylcontrastingresults丘ompreviousstudiesshowthattheexpressionlevelofZⅣひS

issignihcantlyincreasedbyhveconsecutivedaysoftreadmmrunning(113)but

signifcantlyreducedinthegastrocnemiuSmuScle2hpost-swimmmginmicefbdahigh-

fatdiet(114).Therefbre,theseresultsimplythattheexpressionlevelofiﾊﾉagdecreases

withasingleexercisesessionbutincreaseswhenfbrcedexerciseisperhrmedeveryday

withoutrecoveryofthedamagedmuscles.

Furthermore,asamechanismoftheanti-innammatoryactionofjOjobaoil,itwas

assumedthat theeWressionlevelofanti-innammatolycytokinesmight increase

simultaneouslywithadecreaseintheexpressionlevelsofinnammatorycytokines.

Therebre,theexpressionlevelsof"-〃没and"-IOwereexaminedasanti-infammatory

cytokines.Asaresult,theexpressionlevelof"･I"inthesoleusmuscleandthehverwas

sigmfcantlyincreasedbyexhaustiveexercise.Incontrast,thee"ressionlevelof"-Zza

wassignificantlyincreasedonlyinthe livera仕erexhFMustiveexercise・However,

comparingtheNA+ExgroupandtheJO+Exgroupinthehveri thetopical

admimstrationofjOjobaoildidnotenhancepost-exerciseanti-innammatorycytokine

geneexpressionintheliver.Onthecontrary, theeymressionlevelsof"-IOmthe

gastrocnemiusmuscleshowedasignifcantincreaseonlyintheJO+Exgroupafter

exercise,andthus,itmightbepossiblethatthetopicalapphcationofjOjobaonincreased

theexpressionlevelsof"-ZOinthismuscle.Theexpressionlevelsofsoleus"-I0were

significantlysuppressedintheJO+ExgroupascomparedtothoseintheNA+Exgroup.

Thereasonfbrthisphenomenonmayberelatedtothegeneexpressionof"-IOishnked
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toincreasedeXpressionofsoleus"･6(100).

InsummaryjwesuggestthatthemechanismbywhichjOjobaonexertsananti-

innammatoryeHbct onexercise-inducedinnammationisviathe suppressionof

innammatorycytokines・Thisisbecauseinboththesedentaryandexercisegroups,the

topicalapplicationofjOjobaoildidnotsignifcantlyincreasetheeymressionofanti-

innammatorycytokines.

QIJa""冴亙wEA""j窓おof血傘皿y""fわ亙弓睦胞”αfZamaCymhneLeveた〃F妬”a4a
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Summarizmgtheresultsofthenowcytometricanalysis, IL-6wastheonly

inflammatorycytokmethatwaselevatedbyexerciseamongthecytokinesmeasuredm

thisstudyjandadecreaseinitsconcentrationinthebloodduetothetopicalapplication

ofjojobaonwasnotobserved.ConverselyjsincelL-6isamyokinesecretedbymuscle

contraction(115),thesoleusmusclemighthavecontributedtothemcreaseintheplasma

levelsoflL-6duringexhaustiveexercise.Additionanyisincecytokinesareproducedby

varioustissuesandimmunecells(116),othertissuescouldhavecontributedtothe

increaseinplasmalevelsoflL-6.Forexample,shearstressincreasesbecauseofthe

promotionofbloodnowtoskeletalmuscleduringexercise(117),andshearstressonthe

bovineendothehalcenmonolayermduceslL｡16andlL-6secretion(118).

TheplasmaconcentrationoflL-1,aninnammatorycytokine,wasnotincreasedby

exercise,butexerciseincreasedtheexpressionlevelsof"-Iinboththesoleusmuscle

andgastrocnemiusmuscle.JOjobaoilsignifcantlysuppressedthegeneexpressionof

theseexercise-inducedinflammatorycytokines.TheseresultssuggestthatjOjobaoil

mightsuppressexercise-inducedlocalinnammationinskeletalmuscles. Inaddition,
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previousstudieshavereportedthatexerciseincreasesplasmalL-61evels(119),andthe

resultsofthepresentstudyareconsistentwiththoseofpreviousstudies・Plasmalevels

ofinnammatorycytokinesalsoincreaseinendotoxemia,suchassepsis,butithasbeen

reportedthatTNF･qandlL-16donotincreasewiththeexercise"inducedproductionof

cytokines(120),andtheresultsinthisstudyweresimilartothosempreviousreports.

TheincreasedplasmalevelsoflL-6duetoexercisenotonlyrenectexercise-induced

innammation,butalsomdicatetheinvolvementofintracellularglucoseuptakeinthe

promotionoflipidmetabonsm(121-123).Therehre,amongtheinnammatorycytokines

measuredinthisstudyitheplasmalevelsoflL･6mightbeparticularlyelevatedafer

exerc1se．

Intherestinggroup, theplasmalevelsoflFN･ydecreasedintheJOgroup

comparedwiththoseintheNAgroup.Furtherresearchisneededtoelucidatethe

mechanismsresponsiblebrthisobservation.IFN-yisacytokinesecretedmainly丘omT

cellsandnaturalkillerceUsandactsbyenhancinginnammation,andthisobservation

issuggestiveoftheanti･innammatolyeffctofjOjobaon.Sinceitisknownthatthe

immunesystemistemporarnysuppressedbyexhaustiveexercise(124-126),thereason

whytheplasmalevelsofIFN-ydecreasedintheNA+Exgroupascomparedtothosein

theNAgroupisbecauseofthedecreaseinlymphocytehlnctionduetoexhaustive

exercise.Asamechanism、 ithasbeendemonstratedthatsyntheticglucocorticoid

inhibitslFNproduction(127-129).Inaddition,theincreaseinplasmalevelsofcortisol

andepinephrineduetoexercisemightbeassociatedwiththeinhibitoryeHbctoftypel

helperTcencytokine(IFN-y)production.Moreoverjasmechanismsbywhichplasma

levelsofTNF-udecreasedmtheexerCiSegrOups,thiscouldbeduetoexercise-induced

releaseofepmephrine(130, 131)andlL-6(119,132)whichcansuppresstheproduction
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ofTNF-q.
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Exhaustiveexercisecausesmuscledamage.Thebiochemicalparametersmeasured

inthisstudyincludedCK,ASmandAlilJwhichareabundantinskeletalmusclesand

areusehllasmuscledamagemarkers.Theplasmaconcentrationsoftheseparameters

increasedafterexercise(Figure3).PlasmaCKlevelshavebeenwidelyusedmmany

studiesasanindexofmuscledamage(103).PlasmalevelsofASTandALTarealso

markersofliverdamage,butarenotskeletalmuscle･specifcenzymes・Therehre,we

analyzedthecorrelationbetweenplasmaCKlevelasamuscledamagemarkerand

runnmgtimebySpearman'scorrelationanalysisandconfrmedthattheplasmaCK

levelcanbeusedasamuscledamagemarkerinthise"erimentalsystem(Figure9).

Next,weexaminedthecorrelationbetweenmuscledamage(increasedplasmaCKlevels)

andthegenee"ressionlevelsofinnammation-relatedcytokinesinskeletalmuscles.As

aresult,acorrelationwasfbundbetweenplasmaCKlevelsand"-Iband"･6expression

inthesoleusmuscleand"-Zbe"ressionmthegastrocnemiusmuscle・Theseresults

weresimnartotheresultsofthemvestigationoforgansandgenesinwhiche]mression

levelsweresuppressedbytheapphcationofjOjobaon.Fromtheseresults, itcanbe

hypothesizedthatjOjobaoilsuppressedtheexpressionofgenesthatcorrelatewith

exercise-mducedmuscledamage.

ThepresentstudyalSoshowedacorrelationbetweenplasmaCKlevelsandZﾉ-10

expressioninbothsoleusandgastrocnemiusmuscles.Thismightberelatedtothe

inductionofplasmalL･10viaelevatedplasmalL-6concentrations(100,132,133).1nthe
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gastrocnemiusmuscle,"-I6wastheonlygenethatwascorrelatedwithplasmaCKlevels,

whereasinthesoleusmuscle,both"･6and"16weresignihcantlycorrelatedwith

plasmaCKlevels.Thismightbebecauseslow-twitchmusclecontributesmorethanfast-

twitchmuscletotheenduranceexerciseperfbrmedinthisstudybAnegativecorrelation

washundbetweenelevatedbloodCKlevelsandthee"ressionlevelsofiNaSinskeletal

muscle,whichmightrenectasignifcantdecreasemthee】叩ressionlevelsofiⅣagm

skeletalmusclesaaerexercise.
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Therapeuticstrategieshrexercise･mducedmuscledamagemcludestretchmg,

massage,nonsteroidalanti-innammatorydrugs(NSAIDs),andnutritionalsupport(92,

93,95).AlthoughNSAIDsarewidelyusedinthetreatmentofinnammatorydiseases

andpaininthe clinical setting, thereareanumberofsideefcts, includmg

gastrointestinalbleeding(134,135).JOjobaoilhasbeenusedtopicallyasamoisturizing

agenthrskmcareandlubricantshrsportsmassage,butithasnotbeenusedasa

medicinalsubstance. 'IiPansdermaladministrationhasseveraladvantagessuchas

avoidingthehrst-passeHbct,whichresultsmasignifcantreductioninthedrug

concentrationviahepaticmetabohcenzymesbefbrethedrugreaches theblood

circulation(136.138). Itisalsoabsorbedslowlythroughtheskin,whichexertsa

sustainedefct(139),resultsinastableandlong･lastingeHbctivebloodconcentration

(137,138),andisasimpleandnon-invasiveadmmistrationmethod(137,138).

Tigansdermalabsorbents,suchasascopolamine(hyoscine)patchfbrthetreatmentof

motionsickness, nitroglycermfbranginapectoris, transdermal clonidmehrthe
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treatmentofhypertension, transdermalestradiolbrfもmalehormone-replacement

therapyitransdermalfbntanylhrthetreatmentofpain,nicotinepatchesfbrsmoking

cessation,andtransdermaltestosteronehrhypogonadism,arewidelyusedasmedical

treatments(136,140).

JOjobaoilisverysimilartothewaxesterthataccountshrapproximately25%of

humansebum(64).Therefbre, itftswenontheskinandhasbeenprovensatbythe

experienceofmanypeoplewhohaveusedit.Furthermore, sinceithasbeenreported

thatmassagealonehasananti-innammatoryeHbct(141), itispossiblethatsports

massageusingjOjobaoilcouldhaveasynergisticanti･innammatorye"ctcomparedto

thatwitheitherjOjobaonormassage・ Inthehlture, itisnecessarytoclar"this

synergisticeHbctbyver"ingthisapphcationbasedonresearchonsportsmassagein

hl]m2ns.

3.5.COnclu圏i⑪加日

ThisstudyindicatesthattopicalapplicationofjOjobaoil30minbefbretreadmin

runnmgdidnotaHbcttheendurancecapacityofmice.Withregardtoexhaustive

exercise･mducedinnammation, therewerenosignifcantchangesinplasmacytokme

levelsduetothetopicalapphcationofjojobaoilamongtheexercisegroups.HoweverIthe

topicalapphcationofjOjobaoil30minbefbretreadmillrunmngsignificantlydecreased

themRNAlevelsofsomepro-inflammatorycytokines("･"and"-ainskeletalmuscles,

andespecianyintheslow-twitchmuscle,whichcontributestoenduranceexercise.Taken

togetherithetopicalapphcationofjOjobaoil30minbefbreexhaustiveexercisemight

reduceexercise-mducedmnammation.Theseresultssuggestthatsportsmassageusing

jojobaonmaybeusefll fbrpreventing exercise･inducedmuscledamage and
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innnmmation.
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Chapter4.

EHbctsofTbpicalApplicationofWintergreenOilon

IExercise-InducedInfIRmmationinMice

4.1.Tntroductinn

Exhaustiveexercisetriggerstheproductionofpro･innammatorycytokines,which

inturnincreasesoxidativestressmactivemuscles, resultinginaviciouscyclethat

fUrtherpromotesinnammation(10).Therehre,alleviatingthesymptomsofmuscle

damageandinnammationmaybeusefllbrathleteswhoneedtorecoverasquicklyas

possiblebrsubsequentgames(93, 94).Recentlyi sportsmassagewasreportedto

211eviateexerciSe･inducedinmammation(24). Insportsmassage,essentialoilsdnuted

withcarrieronorundnutedcarrieroilsareusedasmassageoils.Carrieronsare

vegetableonsthatdilutetheessentialoilsusedinaromatherapyiSuchasjOjOba,sweet

almond,andmaCadamianutoils,amongothers.0fthese,jOjobaOilisawaxesteriwhoSe

compositionissimilartothatofhumansebum. Indeed,approximately25%ofhuman

sebumiscomposedofwaxesters(64).Jojobaonisalsoresistanttooxidationcompared

withothercarrieronsandcanbeusedhralongtimeaneropeningthepackage.This

makesiteasyfbrathletestopurchasebrselfcare・Forthisreason,jOjobaoiliswidely

usedinsportsaromatherapymassage.

lnthisstudyiwedefnedsportsaromatherapymassageasamethodofperbrmmg

sportsmassageusinganessential oil dilutedwithacarrier oil.Withsports

aromatherapymassage,itisexpectedthattheessentialonswillexertbiologicalactivity
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inadditiontothee"ctsofmechanicalstim'11ation.Rssentialoilsarenaturalvolatne

oilsextractedhFomvariouspartsoftheplantandcontamnaturalcompoundsmhigh

concentrations andhavevariousaromatic components. Some ofthesenatural

compoundshaveanti-innammatoryactivityiandtheyimpartthischaracteristictosome

essentialoilssuchaswintergreen,teatree, lavender,mint,andgingeroils(142-144).

Amongtheseessentialons,wintergreenon(alsoknownasonofwintergreen),which

containsahighconcentration(morethan99%)ofmethylsahcylate,iswidelyknown

amongtherapistsasanessential onwithanti-innammatoryproperties. Afer

percutaneousabsorption,methylsahcylateismetabohzedtosalicylicacid,whichexerts

anti-innammatoryefctsinthebody(145,146).Methylsancylatehasbeenusedasan

activeingredientinmanypharmaceuticalandcommercialbrandsofointments,lotions,

hmments,andmedicatedoilsfbrtopicalapplicationtorelievemusculoskeletalpain(147)

Theconcentrationofmethylsalicylateincommercialpainreliefpatchesisl-20%. In

generalaromatherapyfbrrelaxationpurposes,essentialoilsaredilutedtoabout1%with

carrieron.Incontrast,insportsaromatherapymassage,essentialoils,arednutedtoa

highconcentrationofapproximately"10%toachievetheefctsoftheiractive

ingredients.Further, asomewhatspecialapplicationistheuseofatwdropsof

undnutedwintergreenorcloveonontheaHbctedareatorehevepain・Therefbre,inthis

study)weusedundilutedwintergreenoilandthatdilutedtol0%withjOjobaoil.

Currentlyj itwstudiesonsportsaromatherapymassagehavebeenreported,andthe

concentrationofessentialonsinmassageoil isdeterminedbasedonexperience.

Furthermore, whetheressential oilswithanti-innammatorypropertieshavean

inhibitoryormitigatingeftctonexercise-inducedinnammationremamsunknown.

Therefbre, thepresentstudyaimedtoinvestigatewhetherthetopicalapplicationof

62



wintergreenoilbefbretreadminrunningcouldaneviateexercise-inducedinflammation

anddetermineifthiswoulda"cttheruntime-to-exhaustion.Inaddition,wintergreen

oilcanbeusedinundnutedsolutions,andthus,thesafbtyofwintergreenontransdermal

absorptionwasevaluatedbasedonbloodbiochemicaldata.

4.2Matew･i21gandMethods

42IMん血琢S""me""

Ananimg1gwerecared允rinaccord丹油cewithLawNo. 105andNotifcationNo､6

oftheJapaneseGovernment,andallexperimentalprotocolswereapprovedbythe

InstitutionalAnimalCareandUseCommitteeofWasedaUniversity(2019A132).

422，4刀加］窃脂

Seven･week･oldmalehairlessmice (Hos･HR-1)werepurchasediromHoshino

LaboratoryAnimals,Inc.(Bando,Japan)throughJapanSLC,Inc.(Hamamatsu,Japan)

andhousedinabreedingroomfbratleastlweek.Allmicewere8weeksofage(28.2-

35.49;average=31.69)atthebeginningoftheexperiments.Allmicewerehousedunder

specifcpathogen-hPeeconditionswithastandardcommercialdiet(MEOrientalyeast,

'Ibkyo,Japan),andwaterwasprovidedadhhrmm.Themicewerehousedat22-24｡C

with50-60%relativehumidityjunderahght-darkcycle(lightsonatO8:00andoHat

20:00)．

42amfPmWw"

Weusedjojobaoil,wintergreenondnutedwithjOjobaoiltol0%(v/V),andundnuted

wintergreenoil.JojobaoilwasobtainedhomKenso-Igakusha(Yamanashi,Japan;Lot.
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GL15A).Itisafattyacid-containingwaxesteriisdiffbrenthomcommonvegetableoils,

andisrichintriglycerides(TGs).Basedonthemanufacturer'spackageinsert, the

ingredientsofthejOjobaoilusedinthisstudyarelistedinTable9.Wintergreenoilwas

purchasedhPomKenso･Igakusha(Yamanashi, Japan;Lot.GPL132).Basedonthe

manufacturer'spackageinsert,theingredientsofthewintergreenoilusedinthisstudy

arelistedinTablelO.Thestructuralfbrmulaofmethylsalicylate,whichisthemain

componentofwintergreenoil,isshowninFigurell､

Table9.FattyacidcompositionofjOjobaon.

MW{g/mol] Content[%]Name

Eicosenoicacid

Erucicacid

Oleicacid

310.51

338.57

282.47

73.4

14.7

8．3

MW,molecularweight.

mblelO・Componentsofwmtergreenoil.

Content[%]MWIg/mol]Name

Methvlsahcvlate

T｣inR1ool

Ethvlsahcvlate

Eugenol

152．15

154．25

166．17

164．20

99.32

0.30

0.04

0.03

MW,molecularweight

0

／

シ
ミ

、O

OH

’

Figurell.Structuralbrmulaofmethylsalicylate.
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Oneweekbehreexhaustiveexercise,anexercise-groupmicewereacclimatedto

runnmgonamotorizedtreadmnlat0%gradeandaspeedofl5m/minfbrlOmin.On

thedayoftheexperiment,allmicewererandomlyassignedtooneoftheburgroupsas

fbllows:thenaivecontrolgroup(NA,n=8),thesedentarygroupwithlO%wintergreen

oil(10%WG,n=8),sedentarygroupwithundnutedwintergreenoilapplied(WG,n=8),

theexercisegroupwithnoonapplied(NA+Ex,n=8),theexercisegroupwithlO%

wintergreenonapphed(10%WG+Ex,n=8),andtheexercisegroupwithundnuted

wintergreenoilapplied(WG+Ex,n=6).Miceweretopicallyadmmistered4ILLof10%

wintergreenonorundnutedwintergreenoilpergramofbodyweighttothedorsalskin,

30mmbehretreadminrunning.Inthisprotocol,theseonswereadmmistered30min

befbrethestartofrunning,basedonpreviousstudies(67,68,98, 148).

TheenduranceexercisewasperfbrmedonamotorizedtreadmUl (Natsume

SeisakusyoCo.,Ltd.,'Ibkyo,Japan),andtheruntime･to･exhaustionwasrecorded.Mice

intheNA+Ex,10%WG+Ex,andWG+Exgroupsweresubjectedtotreadmillrunning

atlOm/minhrl5min,fbllowedbyl5m/minand20m/minhrl5mineachandthen24

m/minataconstant7%gradeuntilexhaustion.Duringexercise,thesedentarygroup

wassubjectedtofastingtoadjustfbriEedingconditions. ljxhaustionwasdefnedasthe

inabilitytocontmueregulartreadmiUrunningdespitestimulationthroughrepeated

gentletappingwithasiliconrubberspatulaonthebackofthemouse.Theendpointof

exhaustionwasdeterminedbyatreatment-blindedsingleobserverfbrallruntime-to-

exhaustiontestswithinthestudytominimizeobserverbias.Inaddition,electricShock

wasnotadmmisteredtoavoidstressingthemice・Thismethodisahumaneimprovement

fmdreducesthecon允undmgeHtctofnegativereinhrcementonbloodcytokinelevels
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causedbytheuseofshockgrids(99).Immediatelya仕erexhaustion,bloodsampleshom

theheartwereconectedusmgheparmundernghtanesthesiawithinhalantisonurane

(Abbott,Tbkyo,Japan),andisolatedmuscletissueswereimmediatelyhPozenmliquid

nitrogen.PlasmawasobtainedffombloodsamplesbycentrifUgationat1,500×gfbrl5

minat4oCandthesupernatantwasseparated.Thesesampleswerestoredat-80°C

untnanalysis.

42aB“hem""L4"aな窓応o〃惣sma

Plasmalevelsofalanineaminotransfbrase(AIJLT), aspartateaminotransfbrase

(AST), alkahnephosphatase (ALP), bloodureanitrogen(BUN), creatinine(CRE),

creatinekinase(CK),TG,non･esterifedfattyacids(NEFA),glucose(GLU),andlactic

acid(LA)weremeasuredatKotobikenMedicalLaboratoriesfrsukuba,Japan).The

plasmalevelsofALTandASTweredeterminedbytheJSCCtransfbrablemethodusing

L･TypeALTJ2andL･TypeASTJ2, respectively(FUJIFILMWakoPureChemical

Corporation,Osaka,Japan),withaBioMajestyTMautomatedanalyzer(JCA-BM8060;

JEOLLtd., 'Ibkyo, Japan). TheplasmaALPlevelwasmeasuredbythelFCC

transfrablemethodusingL-TypeALPIFCC(FUJIFILMWakoPureChemical

Coxporation)withaBioMajestyTMautomatedanalyzer(JCA-BM8060;JEOLLtd.).The

plasmalevelofBUNwasdeterminedbasedontheurease･GIDHmethodusingL･Type

UN･V(FUJIFILMWakoPureChemicalCorporation)withaBioMajestyTMautomated

analyzer(JCA-BM8060;JEOLLtd.).TheplasmaCRElevelwaSdetermmedaccording

toanenzymaticmethodusingDeterminerLCRE(HitachiChemicalDiagnostics

SystemsCo.,Ltd., 'Ibkyo, Japan)withaBioMajestyTMautomatedanalyzer(JCA-

BM8060;JEOLLtd.).TheplasmalevelofCKwasanalyzedusmgtheJSCCtranstrable
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methodusmgL-TypeCK(FUJIFILMWakoPureChemicalCorporation)witha

BioMajestyTMautomatedanalyzer(JCA･BM8060;JEOLLtd.).TheplasmalevelsofTG

andNEFAweredeterminedbasedonanenzymaticmethodusingDeterminerC-TG

(HitachiChemicalDiagnosticsSystemsCo.)andNEFA･HRII(FUJIFILMWakoPure

ChemicalCorporation), respectivelyjwithaBioMajestyTMautomatedanalyzer(JCA-

BM8060;JEOLLtd.).TheplasmaGLUlevelwasmeasuredbythehexokinase-G-6･PDH

methodusingL-TypeGlu2(FUJIFILMWakoPureChemicalCorporation)witha

BioMajestyTMautomatedanalyzer(JCA･BM9130;JEOLLtd.).TheplasmalevelofLA

wasdeterminedaccordingtoanenzymaticmethodusmgDeterminerLA(Hitachi

ChemicalDiagnosticsSystemsCQ)withaBioMajestyTMautomatedanalyzer(JCA･

BM8060;JEOLLtd.).

426RMA恥Dな‘ね画andnne""班洽鑓rb"Anaな喧由[庖血gmaI-ZXmembmzezasemaZ

""ゎ画峰al-7W77F唾ノ

Immediatelya仕erthetissuesampleswereharvested,eachsamplewashPozenm

liquidnitrogenandstoredat-80｡CuntnRNAextractionwasperfbrmed・TbtalRNAwas

extractedhfomthesoleusmuscle(slow-twitchmuscle), gastrocnemiusmuscle(fast-

twitchmuscle),heart,andliverusingacidguanidiniumthiocyanate-phenol･chlorohrm

extraction(149, 150)combinedwiththebeadhomogenizationmethodusingaShake

MaserNeo(BioMedicalScience,Tbkyo,Japan).ThepurityandqualityofthetotalRNA

hPomeachsamplewereassessedbasedonthe260:280nmopticaldensityratio,usinga

NanoDrop2000cspectrophotometer(ThermoFisherScienti丘c, 'Ibwksbury,MA,USA).

'IbtalRNAwasreverse-transcribedtocDNAusingtheHighCapacitycDNAReverse

'IIFanscriptionKit (AppmedBiosystems,Foster, CA,USA), inaccordancewiththe
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manufacturer'sinstructions.PCRwascarriedoutwiththeStepOnePlusTMsystem

(ApphedBiosystems),usingtheFastSYB"GreenMasterMix(ApphedBiosystems).

Thecyclingconditionswereasbllows: 10sat95｡Chrdenaturation, fbnowedby45

cyclesat95｡Cfbr5s,57｡CfbrlOs(annealmg),andfnallyj72｡CfbrlOs.Datawere

nOrmRIizedtoβ没"mlevelsasaninternalstandard,usingthecalibrationcurvemethod.

ThegenesandprimersusedarenstedmIHblell.

Tablell・Primersusedhrreal-timepolymerasechainreactionanalysis

Gene Accessionno Forward Reverse

〃-I6 NMOO8361.4 TGCCACCTTI,TGACAGTGATG TGTGCTGCTGCGAGTTTGA

"-"a NM031167.5 TGTGCCAAGTCTGGAGATGA TTCTTTGTI,CTTGCTCAGATCAGT

"-6 NM_OO1314054.1 GCTACCAAACTGGATATAATCAGGA CCAGGTAGCTATGGTACTCCAGAA

"-zO NM010548.2 CAGAGCCACATGCTCCTAGA TGTCCAGCTGGTCCTTTGTT

LⅣa9 NM_OO1313922.1 GGGCTGTCACGGAGATCA CCATGATGGTCACATTCTGC

""a XM_OO6531658.3 CCAGGCTACAGTGGGACATT AAGGAATGCAGGTCCACATC

Aczb NMOO7393.5 CCTCCCTGGAGAAGAGCTATG TTACGGATGTCAACGTCACAC

〃-"interleukinl6;"･ZzE,mterleukinlreceptorantagomst;"-ainterleukin6;"-ZamterleukinlO;

ZNaginduciblemtricoxidesynthase;"t-Za,carnitmepahnitoyltransfbrase-1q;Actb,6-actm.

42ZQuan"Ma""Ana吻張おofmぬn7m"fm"弓陸上”國雄smaCyzひ虹ne"wE"

Plasmacytokine levelsweredeterminedusingtheLEGENDplexTMMouse

InnammationPanel(CatNo.740150;BioLegend,SanDiego,CA,USA)maccordance

withthemanufacturer's instructions. Specifcally) theplasmalevelsofmonocyte

chemoattractantproteinl(MCP-1),granulocyte･macrophagecolony-stimulatingfactor

(GM･CSF), interfbron(IFN)･6,IFN-Y, interleukm(IL)-1q, IL-16,IL･6, 1L･10,IL-12p70,

IL-17A,IL･23, IL-27,andtumornecrosisfactor(TNF)-qweremeasured.Theanalysis

wasperfbrmedwithaBDLSRFortessaSpecialOrderResearchProductanalytical
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cytometer(BectonDickinson, SanJose,CA,USA), anddatawereevaluatedwith

LEGENDplexTMDataAnalysissoRware.

42＆‘地雄rmg/4"""窓お

Valuesarepresentedasthemeanistandarderror・Forstatisticalanalysis,

difrencesinmeansamonggroupswereanalyzedbyaone-wayanalysisofvariance,

andTukey'spostahoctestwasperibrmedtodeterminethesigniiicanceamongthemeans.

StatisticalanalysiswasperfbrmedusingtheSPSS24.0sofwarepackage(IBMJapan

Inc.,Tbkyo,Japan).StatisticalsignifcanCewaSdefnedasP<0.05.

4.3.ReSults

4aI."c"of.Z加趣ZApp"tわnofZm"jWJZed〃姓ztez漢℃enO""""ZO%〃勉紀z寧巴en

Or匪危2℃睦巴z℃おeOn〃両‘ﾂ"塑刀“必r危"w刀幻刀哩

AsshowninFigurel2,theWG+ExgroupwithtopicalappUcationofundnuted

wintergreenonshowedasignifcantlyShOrterruntimethantheNA+ExandlO%WG

+Exgroups.Additionany;topicalapphcationoflO%wintergreenon(10%WG+Ex)also

signifcantlyreducedtheruntimecomparedwiththeNA+Exgroup.Theruntimes-to-

exhaustionintheNA+Ex, 10%WG+Ex,andWG+Exgroupswere225gt23min, 160

12min,and54士2.7min,respectivelyb
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Figurel2.Runtime-to-exhaustionintheexercisegroupwithnoonapplied(NA+Ex,n=7),theexercise

groupwithlO%wmtergreenonapphed(10%WG+Ex,n=9),andtheexercisegroupwithundnuted

wintergreenoilapphed(WG+Ex,n=8).InthelO%WG+Exgroup,miceweretreatedwithwintergreen

oildjlutedtol0%(v/v)injOjobaon.Valuesarepresentedasthemeanistandarderror.N.S.,not

signihcant.**p<0.01.***p<0.001.

432BmphPmm"',4""〃窓おofMsm"

Figuresl3A-Lshowtheplasmabiochemistrydataamongthesedentalyand

exercisegroupsintheabsenceorpresenceoftwoconcentrationsofwintergreenoil

apphcations・WemeasuredtheplasmalevelsofAIﾉIIASmandALPasmarkersofacute

liverinjury(Figuresl3A-D).Asaresult,anthreeweresignncantlymcreasedinthe

WGgroupcomparedwiththelevelsintheNAandlO%WGgroups・Intheexercisegroups,

theplasmalevelsofAI/randASTintheWG+Exgroupweresignifcantlyincreased

comparedwiththoseintheNA+ExandlO%WG+Exgroups.Furthermore,theplasma

levelsofASTintheWG+Exgroupweresignifcantlydecreasedcomparedwiththosein

thecorrespondingsedentarygroup・ Incontrast, theplasmalevelsofALPwere

signifcantlyhigherintheNA+ExandlO%WG+Exgroupsthaninthecorresponding

sedentarygroups. Inaddition,theplasmalevelsofALPintheWG+Exgroupwere

signifcantlydecreasedcomparedwiththoseintheNA+Exgroup.
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WealsomeasuredtheplasmalevelsofBUNandCREasmarkersofkidneyinjuly

(Figuresl3E-G).TheplasmalevelsofBUNandBUN/CREmtheWGgroupwere

signifcantlyhigherthanthoseintheNAandl0%WGgroups,whereastheplasmalevels

ofCREmtheWGgroupweresignifcantlylowerthanthoseintheNAandl0%WG

groups.TheplasmaBUNlevelsandBUN/CREweresignifcantlyhigherintheNA+Ex

andlO%WG+Exgroupsthaninthecorrespondingsedentarygroups.Furtheri the

plasmaBUNlevelsweresignifcantlylowerinthel0%WG+ExandWG+Exgroups

thanintheNA+Exgroup.TheplasmaCKlevelstendedtoincreaseintheWGsedentary

group(P=0.090).Incontrast,theplasmalevelsofCKweresignifcantlyincreasedm

theNA+ExandlO%WG+Exgroupsascomparedwiththoseinthecorresponding

sedentarygroups.

Figuresl31-Lshowbiochemicaldatarelatedtometabolism.PlasmaNEf独levels

weresigmhcantlyhigherinthelO%WG+ExgroupthanintheNA+Exgroupand

signifcantlylowerintheWG+ExgroupthaninthelO%WG+Exgroup. Inthe

sedentarygroups,theplasmaGLUlevelsweresignifcantlylowerintheWGgroupthan

intheNAgroup.Incontrast,theplasmaGLUlevelsweresignifcantlylowerintheNA

+ExgroupandthelO%WG+Exgroupthaninthecorrespondingsedentarygroups.The

plasmaLAlevelsinsedentarygroupsweresignifcantlyhigherintheWGgroupthanm

theNAgroupandthelO%WGgroup.Incontrast,theplasmaLAlevelsweresignifcantly

lowerintheNA+ExgroupandlO%WG+Exthaninthecorrespondmgsedentarygroups.

HoweventheplasmaLAlevelsintheWG+Exgroupweresignifcantlyhigherthan

thoseintheNA+ExandlO%WG+Exgroups.
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Inthisstudyiwemeasuredinnammation･relatedmRNAexpressionlevelsm

variousorgans/tissuestoassesstheefbctofthetopicalapplicationofwintergreenonon

treadmnlrunnmginmice.Inthesoleusmuscle(red,slow-twitchmuscle),theexpression

levelsof〃必,"･aand"-IOweresignifcantlyincreasedbyexhaustiveexercise(Figure

14).Incontrast,the10%WG+ExandWG+Exgroupsdidnotshowasignihcant

increaseintheeymressionlevelsofthesegenesaftertreadmiUrunning.Thegene

expressionlevelsof〃必〃aand"-IOweresignifcantlylowerinthelO%WG+Exand

WG+ExgroupsthanintheNA+Exgroup.Further, theexpressionlevelsofZAﾉngin

the10%WG+ExandWG+ExgroupsweresignifcantlyhigherthanthoseintheNA+

Exgroup.Howevel;therewerenosigm5cantdiHbrencesin""Iraeymressionlevels

amongthesedentaryandexercisegroups.Inaddition, inthecomparisonofsedentary

groups,nochangesintheeymressionlevelsofinnammation-relatedgenesdidnotchange

aferwintergreenonwasapplied.
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Figurel4.Geneexpressionlevelsofinnammation-relatedcytokinesandZNaginthesoleusmuscle.

NA,thenaivecontrolgroup;10%WG,thesedentarygroupwithlO%wintergreenoilapphed;WG,the

sedentarygroupwithundilutedwintergreenonapplied;NA+Ex,theexercisegroupwithnooilapplied;

10%WG+Ex,theexercisegroupwithlO%wintergreenoilapplied;WG+Ex,theexercisegroupwith

undnutedwintergreenonapphed.〃必, interleukinl6;〃･Zra, interleukinlreceptorantagomst;"-a

interleukin6;"-ZamterleukinlO;iNaSmduciblemtricoxidesynthase.Valuesaremeans±SE.n=

6-8(WGgroup:n=6). 赫瀞#p<0.001comparedwiththecorrespondingsedentarygroup.tp<0.05

comparedwiththeNA+Exgroup.HP<0.01comparedwiththeNA+Exgroup.Hわ<0.001compared

withtheNA+Exgroup.
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Thee"ressionlevelsof"･Jbinthegastrocnemiusmuscle(fast-twitchmuscle)

weresignifcantlyincreasedintheNA+ExandthelO%WG+Exgroupscomparedwith

thoseinthecorrespondingsedentarygroups. Incontrast, thetopicalapphcationof

undilutedwintergreenoilresultedinhigher"-IbexpressionthanthatintheNAand

the10%WGgroups.Further, theeWressionlevelsof"-6intheWGgroupwere

signifcantlyhigherthanthoseinthel0%WG+Exgroup.However, therewereno

signihcantchangesin"-6expressionlevelsamongtheexercisegroups.Moreoverithe

expressionlevelof"-JOinthegastrocnemiusmusclewassignifcantlydecreasedonlyin

theWG+ExgroupcomparedwiththelevelstheNA+Exgroup,andtherewasno

signifcantdiHbrenceingeneexpressionlevelsamongthesedentarygroups.The

expressionlevelofZIVaginthegastrocnennusmuscledidnotchangesigmfcantlyamong

thesedentarygroups,butgeneexpressionlevelsintheNA+Exgroupdecreased

signifcantlyblncontrast,theexpressionlevelofZNaSwassignifcantlyhighermthe

10%WG+ExandtheWG+ExgroupsthanmtheNA+Exgroup.Thedifrencesm"-

1zaeWressionlevelsamongthesedentaryandexercisegroupswerenotsignifcant.
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TheeXpressionlevelsof"-ZbintheWGgroupweresignifcantlyincreased

comparedwiththosemtheNAandl0%WGgroups・Further,thee]mressionlevelsof"-

I6mtheWG+ExgroupweresigmfcantlyincreasedcomparedwiththoseintheNA+

ExandlO%WG+Exgroups.Theeymressionlevelsof"-6mtheWGgroupwere

signifcantlyhigherthanthoseintheNA+Exgroup.Howevex;therewerenosignificant

changesm"-6expressionlevelsamongtheexercisegroups.

Theexpressionlevelsof"･I"intheWGgroupweresignifcantlyhigherthanthosein

theNA+ExandlO%WG+Exgroups.Thee"ressionlevelsof"-Z"intheNA+Exand

10%WG+Exgroupsweresigni且cantly increasedcomparedwiththose inthe

correspondingsedentarygroups・Incontrast,intheexercisegroup,theexpressionlevels

of"･JOweresignifcantlylowerinthel0%WG+ExandWG+ExgroupsthanintheNA

+Exgroup・Thee"ressionlevelsofiⅣaSintheheartweresignifcantlydecreasedm

theWGgroupcomparedwiththoseintheNAgroup,andtheeWressionlevelsofiⅣas

intheNA+ExgroupweresignifcantlylowerthanthoseintheNAgroup.Therewere

nosignifcantdi"rencesin"-ZIHexpressionlevelsamongthesedentaryandexercise

groups.
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0.01comparedwiththelO%WGgrOup､##p<0.01comparedwiththecorrespondingsedentarygroup

##p<0.001comparedwiththecorrespondingsedentarygroup.hP<0.01comparedwiththeNA+Ex

group.;Ip<0.05comparedwiththelO%WG+Exgroup.

4aa"c応。f･睦haw""砥巴1忽由e卯碓hor･ リリ礎ho"theZ""IA"""b皿”

卯勉Z役I寧惣enO"onthe"z…わnEw廻曲o硬血鐙"7m"rね皿睦な”α碇""mme亙り短r

Theeymressionlevelsof"-ZzaintheliverweresignifcantlyincreasedintheEX+

NAgrouprelativetothoseintheNAgroup.Inaddition,theexpressionlevelsof"-1"

werelowerinthelO%WG+ExandWG+ExgroupsthanintheNA+Exgroup･Inthe

sedentarygroups, theexpressionlevelsof"-必〃aand"-IOwereSignifcantly

increasedintheWGgroupcomparedwiththoseintheNAandl0%WGgroups.In

contrast, intheexercisegroups, theexpressionlevelsof"･I6,"･aand"･IOwere

significantlyincreasedintheNA+ExandlO%WG+Exgroupscomparedwiththosem

thecorrespondingsedentarygroups.Inaddition,theexpressionlevelsof"-JOintheWG

+ExgroupweresignihcantlylowerthanthoseintheNA+Exgroup.Therewereno

signincantdi&rencesm"･ZIHeWressionlevelsamongthesedentarygroups_
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FZurel7・Geneexpressionlevelsofinnammation-relatedcytokinesandZNagmthehver.NA,the

naivecontrolgroup;10%WG,thesedentalygroupwithlO%wintergreenoilapplied;WG,thesedentary

groupwithundnutedwintergreenoilapplied;NA+Ex,theexercisegroupwithnooilappmed;10%WG

+Ex,theexercisegroupwithlO%wmtergreenonapplied;WG+Ex,theexercisegroupwithundnuted

wintergreenonapplied."-ZAinterleukinl6;"･Ira,interleukinlreceptorantagonist;"･amterleukin

6;"-"interleukinlO;ZNagmduciblenitricoxidesynthase.ValuesaremeansiSE,n=G8(WG

group:n=6).*p<0.05comparedwiththeNAgroup.**P<0.01comparedwiththeNAgroup.§p<0.05

comparedwiththelO%WGgroup. §§p<0.01comparedwiththelO%WGgroup.##p<0．01compared

withthecorrespondingsedentarygroup.###p<0.001comparedwiththecorrespondingsedentarygroup｡

叩く0.01comparedwiththeNA+Exgroup. 1-Hp<0.001comparedwiththeNA+Exgroup.
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AsshowninFigurel8, theplasmacytokinelevelswerequantifedbymow

cytometrytoconfrmwhethersystemiccytokineswerealteredinresponsetothetopical

apphcationoftwoconcentrationsofwintergreenoil.TheplasmalevelsofIL･16,IL･10,

IL･27,IFN･6,GM･CSEandMCP･1werenotsignifcantlychangedamongangroups.In

contrast,theplasmalevelsofIL-1q,IL-6,andTNF-qintheWGgroupweresignifcantly

higherthanthoseintheNAandlO%WGgroups. Inaddition,similartoresultsinthe

sedentarygroups,theplasmalevelsoflL･1q, IL-6,andTNF"qintheWG+Exgroup

werealsosignifcantlyelevatedcomparedwiththoseintheNA+ExandlO%WG+Ex

groups･

TheplasmalevelsofIL-17AwereonlysignifcantlyelevatedintheWG+Exgroup

comparedwiththoseinthelO%WG+Exgroup,buttherewerenoothersignifcant

changes・TherewerenosignifcantchangesmtheplasmalevelsoflFN-yamong

sedentarygroups.Incontrast,theplasmalevelsoflFN-yweresigmficantlydecreasedin

theNA+ExgroupcomparedwiththoseintheNAgroup.Furthermore,theplasmalevels

oflFN･yintheWG+Exgroupweresignifcantlyhigherthanthoseinthel0%WG+Ex

grOup.
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musclestoassessthee&ctofthetopicalapphcationofwintergreenoilontreadmill

runnmginmice.Theexpressionlevelsofのr-Iainthesoleusmuscleweresignihcantly

lowerintheWGgroupthanintheNAgroup(Figurel9A).Incontrast,nosignificant

diHbrencesmtheeWressionlevelsofのｵ-Jamthegastrocnemiusmusclewereobserved

amongallgroups(Figurel9B).
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Figurel9.Geneexpressionlevelsof伽ｵ･Jamthesoleusandthegastrocnemiusmuscle・NA,thenaive

controlgroup;10%WG,thesedentarygroupwithlO%wintergreenoilapphed;WG,thesedentarygroup

withundilutedwintergreenonapplied;NA+Ex,theexercisegroupwithnooilapplied;10%WG+Ex,

theexercisegroupwithlO%wintergreenonapphed;WG+Ex, theexercisegroupwithundiluted

wintergreenoilapplied;"t-Za,carmtmepahnitoyltranStrase-1u.Valuesaremeans±SE,n=6-8

(WGgroup:n=6).**p<0.01comparedwiththeNAgroup.wfp<0.01comparedwiththecorresponding

sedentarygroup.

4.4.DiscussiOn
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Thepurposeofthepresent studywas toconfrmwhether twodiHbrent

concentrationsofwintergreenoil, appliedbefbreexercise, couldaUeviateexercise-

inducedinnammation.Thesaftyoftransdermalabsorptionofwmtergreenon,whichis

sometimesusedasanundilutedsolution,wasevaluatedusingbloodbiochemicaldata
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andtheruntime-to-exhaustionbasedontreadmillrunmng. Inthisstudy;wealso

measuredthegeneexpressionlevelsof"-1and"･6aspro･innammatorycytokinesand

"-"aand"･IOasanti･inflammatorycytokines.SinceinducibleNOsynthase(iNOS)is

inducedbypro-innammatolycytokinesintheinmammatoryzoneandcausescytotoxicityj

wealsoassesseditseWressionlevels.First,weexaminedthee"ctsofexerciseitselfon

thegenee"ressionofpro-innammatorycytokinesbycomparingtheNAgroupversus

theNA+Exgroup.Theexpressionlevelsof"-16and"-6inthesoleusmuscleandliverj

aswenas"･Ibinthegastrocnemiusmuscle,weresigniacantlyincreasedbyexhaustive

exercise.Howeve]$ theexpressionlevelsof"-Iband"･6intheheartwerenot

sigmfcantlyincreasedbyexhaustiveexercise・Next,wedeterminedwhetherthis

exercise-inducedincreaseintheexpressionofpro-innammatorycytokinegeneswas

suppressedbywintergreenoil・Theresultsshowedthatthegeneexpressionlevelsof"-

Zand"-6weresignifcantlysuppressedonlyinthesoleusmuscleswithboth

concentrationsofwmtergreenoil.Apossiblereasonfbrthisisthatbloodnowtoactive

musclesincreasesduringexercise(117),andtransdermanyabsorbedmethylsalicylate

couldeasilyreachtothesoleusmusclesinvolvedinenduranceexerciseandexertitsanti-

innammatorye"ct.Thecauseoftheanti-mflammatoryefctofwintergreenon

observedonlymtheactivemusclesmaybepartiallyrelatedtothetransdermany

absorbedcompoundthatperfUsesintotheorganwithoutafrst-passeHbctintheliver

Inaddition,becausebloodnowtothedigestivesystemisreducedduringexercise,the

geneeXpressionlevelsofpro-inflammatorycytokinesinthelivermaynothavebeen

suppressedbythetopicalapplicationofwintergreenoil.Theinhibitorye"ctofmethyl

sahcylateonexercise-inducedpro-innammatorycytokinegenee"ressionwasnot

sigmhcantlydiHbrentbetweenthelO%WG+ExandtheWG+Exgroups(Figuresl4-
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17).TheseresultsindicatethataconcentrationofatleastlO%wintergreenoncan

suppresslocalexercise-mducedmuscleinnammationatthegeneeymressionlevel.

Howevel; apossiblemechanismfbrtheanti-innammatoryefctofmethyl

sahcylatewasnotonlyadecreaseintheexpressionlevelsofpro-inHammatolycytokmes,

butalsoanincreaseinthegeneexpressionlevelsofanti-innammatorycytokines.

Therebre,weanalyzedtheexpressionlevelsof"-Zzaand"-I"asanti-mnammatoly

cytokines.IL-1raisacytokinethatinhibitslL･1bsignahng(110),whereaslL-10isalso

ananti-innammatorycytokineknowntoinhibitthesynthesisofpro-inmammatory

CytokineS, SuchaSTNF-q(111)．Comparingtheefctsofexerciseitselfonanti-

innammatorycytokmesbetweentheNAandNA+Exgroups,webundasigmfcant

increasein"-JOe"ressionlevelsinthesoleusmuscleandtheheart,aswellasa

signi6cantincreaseinthegenee"ressionof"-Zzaand"-ZOinthemver・Wethen

determinedwhetherthisexercise-inducedincreaseinanti-inflammatorycytokinegene

e"ressionwassuppressedbywintergreenoUbycomparingtheexercisegroups.The

resultsshowedthat"-1"expressionlevelsweresignifcantlylowerinboththesoleus

muscleandheartinboththelO%WG+ExandWG+Exgroupscomparedwiththosem

theNA+Exgroup.Thegeneexpressionlevelof"-IOintheliverwassignifcantlylower

thanthatintheNA+ExgrouponlymtheWG+Exgroupwithahighmethylsalicylate

concentration.Thereasonfbrthereducede"ressionof"-IOmaybethatwithrespect

tothesoleus,"-ZOgeneexpressionisassociatedwithmcreasedlevelsof"-6expression

(103).However, intheliveriheart, andgastrocnemiusmuscles, thereisnolinked

variationintheexpressionlevelsof"･6and"-Jqsuggestmgapathwaydihrentthan

theinductionof"-I"expressionby"･aHowever,whentheeHbctsofexerciseitselfon

theplasmalevelsofcytokinesintheNAandNA+Exgroupswerecomparedusingnow
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cytometry,noinnammatolycytokinesweresignifcantlyincreasedaherexercise.IL-6is

amyokinethatissecretedwithmusclecontraction(115),andbloodlevelsaregeneraUy

knowntoincreaseaferexercise.TheplasmalevelsoflL-6intheNA+Exgroupdidnot

increasecomparedwiththoseintheNAgroupinthepresentstudy;whichmaybe

attributedtothestatisticalanalysisperhrmedusingmultiplecomparisonsbetween

multiplegroups.Infact,inahur-grouptreadmillrunmngexperimentconductedwitha

similarprotocolinourlaboratoWW,therewasasignifcantincreasemtheplasmalevels

oflL-6intheNA+ExgroupcomparedwiththoseintheNAgroup(insubmission).
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ThisstudyrevealedthatlO%wintergreenoil, appliedtomice30mmbehre

treadmmrunning,signifcantlyshortenedtheruntime･to-exhaustioncomparedwith

thatintheNA+Exgroup(Figurel2).Moreimportantlyiundnutedwintergreenon

apphed30minbefbretreadmmrunnmgresultedmamoresignifcantreductionmtime･

to･exhaustioncomparedwiththatmtheNA+Exgroup(Figurel2).Therearesome

possiblereasonshrthesignifcantdecreaseintheruntime･to-exhaustionintheWG+

Exgroup・First,significantelevationsinthegeneexpressionlevelsofpro-milammatory

cytokines("-Iband"-awereobservedintheWGgroupinthegastrocnemiusmuscle,

heart,andliver,comparedwiththoseintheothersedentarygroups(Figurel4).The

genee"ressionlevelsofpro-innammatorycytokmeswerealsoincreasedinthehverand

heartatrestbecausetheauto-regulationofbloodilow(approximately25%and5%of

cardiacoutput,respectively)mayhavecontributedtothemcreasede"osuretomethyl
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salicylate.AdditionaⅡ乳theplasmalevelsofpro-innammatorycytokines(IL･1u, IL-6,

andTNF･q)wereallsignifcantlyincreasedintheWGgroupcomparedwiththoseinthe

NAandl0%WGgroups(Figurel8).Incontrast,regardinglL-10,ananti･innammatory

cytokine,itsmeanlevelinbothlO%WGandWGgroupsincreasedrelativetothatinthe

NAgroup,butthediHbrencewasnotstatisticallysignifcant.Theseresultssuggestthat

thebalanceofpro-innammatoryandanti･mnammatorycytokinesinthebloodwas

skewedtowardinnammationandthatsystemicinnammationwasprobablyinducedin

theWGgroupatthestartoftherun.SincethetimingofbloodcoUectionmthesedentaly

groupwasnotthestartoftherun(30mmafertopicalapphcation), additional

experimentsareneededtohlrtherinvestigatesuchresults.

Regardingthemetabolicchangesinskeletalmuscleduetoexerciseload,glucoseis

themainsourceofenergyduringhigh-intensityishort-durationexercise,whereashpids

(triglyceridesandheefattyacidsinthemuscle)actasthemainenergysourceduring

low･tomoderate･mtensityilong-durationexercise(151,152).Inaddition,fattyacidsare

metabolizedby6-oxidationinthemitochondria. 'Ibinvestigatewhethertransdermany

administeredwintergreenonafctsfattyacidmetabomsm,thisstudyanalyzedthegene

expressionofのt-Ia,encodingtherate-limitmgenzymefbr6-oxidation(Figurel9).The

expressionlevelsinthesoleusmuscleweresignifcantlylowerintheWGgroupthanm

theNAgroup.Howevel;therewasnosignifcantchangeintheexpressionlevelsof"t-

Zainthesoleusmusclebetweenthel0%WGandNAgroups.Meanwhne,therewereno

signi且cantdiHbrencesamongaUgroupsintheexpressionlevelsof"t-Zainthe

gastrocnemiusmuscle・Theresultsofgeneexpressionanalysisof"t-Jainthesoleus

musclescomparingthethreesedentarygroupswereconsistentwiththeruntimeresults

inthecorrespondingexercisegroups(Figurel2).ThissuggeststhatP-oxidationinthe
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slow-twitchmuscleaHbctsruntime-to･exhaustionfrexhaustiveexercise.Salicylicacid

poisoninghasbeenreportedtoa"ctlipidmetabolism(45),andthetopicalapphcation

ofundilutedwintergreenoilmayhavea"ctedtheexpressionof"t-Ia.Thisstudyalso

analyzedgeneexpressioninthesoleusmuscle, inwhichslow-twitchhbersaccounthr

approximately87%,andthegastrocnemiusmuscle,inwhichfast-twitchfbersaccount

fbrapproximately93%(153). Inenduranceexercise,thedepletionofglycogeninslow-

twitchmusclesandsomefast-twitchmusclesisassociatedwithmusclefatigue.Fast-

twitchmuscleshaveahighcapacitytoproduceadenosine triphosphate (ATP)

anaerobicallythroughglycolyticreactionsandcancontractquicklylncontrast,slow-

twitchmusclesproduceenergyprimarilythroughaerobicpathways.TheaerobicATP-

producingcapacityofslow-twitchmuscles is relatedto theirhighnumberof

mitochondriaandhighenzymaticactivityfbrlipidmetabonsm.

Methylsahcylate,themaincomponentofwintergreenon, ismetabolizedbythe

livertosalicylate;howeve葛Erst-passmetabolismalsooccursintheskin,andesterases

rapidlyhydrolyzesahcylatestoreleaseactivesahcylateinboththeepidermisanddermis

(145, 146, 154, 155).Howevel;theactivityofmethylsalicylatehydrolysistosahcylate

perproteinweightistwoordersofmagnitudehigherintheliverthanintheskin(154).

ImportantlyjsalicylatehasbeenreportedtoinhibitP-oxidationinrodents(156-158)and

humans(159).Theseresultssuggestthatmethylsahcylatewasmetabolizedtosalicylate

intheWGgroup,andthissalicylatemayhaveinhibitedP･oxidationviatherepression

ofqlt-IgeneexpressioninthemitoChondria-richslow｡twitchmuscle(soleusmuscle).As

aresult, runtime-to-exhaustionmayhavebeensigm丘cantlyshortenedduetothe

suppressionofhpidmetabomsm,whichisimportantasanenergysubstrateduring

prolongedexercise,andtheearlydepletionofmuscleglycogen(160).
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Meanwhne, biochemicaldata(Figure l3) suggestedseveral reasons fbrthe

shortenedruntime-to-exhaustionintheWGgroup.ElevatedlevelsofAIJIIASmand

ALPwereobservedintheWGgroupasenzymesofthehepatobniarysystem(Figurel3).

ASTisabundantinthemyocardium, liver;skeletalmuscle,andkidneys,butisonly

presentintraceamountsintheblood.Therehre,elevatedplasmaASTlevelsrenect

cenulardegenerationandnecrosisintheseorgans.Incontrast,ALTisabundantmthe

livel;kidneyimyocardium,andskeletalmuscle,butitscontentislowerthanthatofAST.

EventhoughALTismostabundantintheliver,itslevelsareapproximatelyone-third

thoseofAST.Inparticular,elevatedplasmaALTlevelsarerenectiveofthedegeneration

andnecrosisofhepatocytes.ALPismarkedlyelevatedinbiliaryenzymesduringacute

drug･inducedliverinjuryofthecholestasistype,whereasALPisonlymildlyelevatedin

hepatitis.Inthepresentstudyaswen,ALPlevelswereonlymndlyelevatedintheWG

groupcomparedwithAIJII1andASTlevels,suggestingthatthechangesmbiochemical

datarenecthverinjury.Themcreaseintransaminases(ASTandAIﾉT)isconsistentwith

thatreportedfbrsalicylatepoisoninginhumans(161).

WealsomeasuredBUNandCRE,whicharecommonlyusedinrenalfUnctiontests,

andhundasignifcantincreaseinplasmalevelsofBUNandasignifcantdecreasein

plasmalevelsofCREinthesedentarygroups.BUNisameasurementofnitrogenand

ureaintheblood・Ureaisthefnalmetaboliteofingestedproteinandtissuebreakdown

products,andanerbeingflteredintheglomerumofthekidneyjapproximately50%is

reabsorbedinthetubules,whereastherestisexcretedintheurine.Therefbre,ureais

afctedbydecreasedkidneymnctionandincreasedprotemcatabonsm,aswenasthe

urmevolume.Meanwhne,CRE,anothermarkerofrenalfUnction,ishardlyafctedby

extra-renalfactors,andtheBUN/CREratioisusedtoestimatethedegreeofinmuence
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ofextra-renalfactors.Therebre,thesignifcantlyelevatedBUN/CREratiointheWG

groupsuggeststhatextrarenalfactorswereresponsiblefbrtheelevatedplasmaBUN

concentration.SinceCREisametabolizedhrmofcreatineproducedintheliveri the

decreaseincreatineproductionintheliverwasthoughttobethecauseofthedecrease

inplasmaCREconcentrations・ InthisstudyjplasmalevelsofAIﾉrandASTwere

signifcantlyincreasedintheWGgroup,suggestingthatsahcyncacidwasrespOnsible

fbrliverdamage.Furthermore, thee"ressionlevelsofqlt-Iaweresignifcantly

suppressedmtheWGgroup,suggestmgthattheenergysubstratehadshifedtoprotein

andcarbohydratesasaresultofthesuppressionoflipidmetabolism.Thishndingis

supportedbythedecreaseintheplasmalevelsofGLUandtheincreasemtheplasma

levelsofLAmtheWGgroup.Theseresultsalsosuggestthattheincreaseinplasma

BUNconcentrationsintheWGgroupwascausedbyhepatotoxicityandincreased

proteincatabolismcausedbysalicylicacid.Thesechangesinbiochemicaldatamayhave

occurredintheWGgroupbebretherunandcouldbeoneofthefactorsthatsignifcantly

shortenedtheruntime-to-exhaustionmtheWG+Exgroup.Sahcylicacidpoisoningcan

causerhabdomyolysisandanincreaseintheplasmalevelsofCK,butnosuchincrease

inCKandnooverdose-inducedmuscledamagewereobservedinthepresentstudybCK

isanenzymethatisdistributedmtheskeletalmuscle,cardiacmuscle,smoothmuscle,

andthebrainandisinvolvedmthemarkedmcreaseinhigh-energyphosphatebinding

andthereproductionofATRBecauseCKislargelyabsentinthebloodcensandliverj

themcreasemplasmaCRErenectscenularinjulyinthesetissues.Althoughmuscle

injurycanincreaseCREandCK,wedidnothndasignifcantmcreaseinthese

parametersintheWGgroup.HoweventheincreaseinBUNisconsistentwiththat

reportedinsahcylatepoisoning(162).Therehre,whenwintergreenonisusedinsports
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aromatherapymassagefbritsanti"innammatoryproperties, itshouldbeusedwith

cautiontoavoidoverdosmghrsafetyreasons.

Inaddition,biochemicaldatahfomtheexercisegroupshowedthatAIﾉrandAST

levelsweresignifcantlyhigherintheWG+Exgroupthanintheotherexercise

groups,butweresignifcantlylowercomparedwiththeWGgroup(Figurel3).This

resultmayberelatedtoreducede"osuretosalicylicacidduetoreducedbloodnowto

theliverduringexercise.Howeve];theapplicationofundnutedwintergreenoilbefbre

exerciseimpairedendurancecapacity(Figurel2).Therefbre,weexaminedwhetherthe

wintergreenoilatalO%concentrationcouldimprovethebiochemicaldatathatwere

negativelyafctedbyexhaustiveexercise,and允undthatBUNwassignifcantlylower

inthelO%WG+ExgroupthanintheNA+Exgroup.Thissuggeststhatwintergreen

oilatalO%concentrationinhibitedexercise･inducedacutekidneyinjury.

AcuteliverinjurMadecreaseintheexpressionlevelofthe"t-Iageneinvolvedin

beta-oxidation, andtheinductionofsystemicinflammationmaybethemechanism

throughwhichwintergreenoil apphcationdecreased the endurance capaci"

WintergreenoildilutedtolO%withjOjobaoilcanbeusedprophylacticaUytomitigate

exercise-inducedinnammation,butitshouldbednutedwithacarrieroilhrsafty

reasons.ThisisespeciallytruewhenappliedextensivelyTheresultsofthisstudy

suggestthatthemethylsalicylatepreparationsshouldnotbeusedextensivelyorinhigh

dosespriortoenduranceexercisebecauseitshighconcentrationscaninhibitoxidation.

Thesafbtyofaromatherapymassagetoathletescanbeensuredbyconsideringthe

optimalconcentrationofessentialonsandtheiroptimalcombmationwithcarrieroilsto

preventundesirablesidee&ctswhilereducingexercise-mducedinnammation.Finanyi

thetransdermalabsorptionofmethylsahcylateissignifcantlyenhancedinahot
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environment (40｡Coutside)withandwithoutexercise(163)．Therebre, fbrsafbty

reasons,fUrtherdilutingthewintergreenoilisnecessarywhenusingitbebreandafter

exercisemhotenvironments.

4.5.Concln】RionR

Thetopicaladministrationof4ILLof10%(v/V)wintergreenonpergramofbody

weighttothedorsalskinofmice30minbefbretreadmmrunningmthel0%WG+Ex

groupsignifcantlydecreasedtheendurancecapacitycomparedwiththatmtheNA+Ex

group・AdditionallyjtheWG+Exgroup,whichwasadministeredundnutedwintergreen

on,hadamuchshorterruntime･to-exhaustionthanthetwootherexercisegroups. In

theWGgroup,theapplicationofundnutedwintergreenonelicitedacutehepatotoxicity)

fnnrlのｵ-I,whichismvOlvedmthemetabolismoffattyacids,wasrepressedatthegene

expression level. Plasma innammatorycytokine levelsmcreasedandsystemic

infIFImmationwasinduced・Thesemechanismsmayhavereducedthetimetoexhaustion

onthetreadmmintheWG+Exgroup.

InthelO%WG+Exgroup,therewasnosigmfcantchangeinplasmacytokines.

Howevel;thegeneexpressionofpro-innammatorycytokineswassigmHcantlylowerm

thesoleusmuscleandnverthanmtheNA+Exgroup.Theseresultssuggestthatthe

topicalwintergreen(methylsalicylate)istransportedbythebloodstreamtotheactive

muscletoaneviateexercise-inducedinnammationbysuppressinglocalgeneexpression

levelsofpro-innammatorycytokinesinthemuscle.Inaddition,the10%WG+Exgroup

hadlowerplasmalevelsofBUNthantheNA+Exgroup, suggestmgthatexercise-

inducedrenalmjurywassuppressed.

Applicationofwintergreenoildnutedtol0%ontheentirebackhadabenefcial
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anti-innammatoryeHbctonactivemuscles,butitalsohadanunfvorableresultof

decreasingtheendurancecapacityhAlthoughtheamountofmassageonusedinhuman

massagevariesconsiderablydependingonthedensityofhairandbodysize,whenthe

amountappliedmthisstudywasconvertedtotheamountusedinhumans,itwasclose

totheupperlimitusedinafl11･bodymassage.Giventhelargeamountofonapphed,the

amountofmethylsalicylateadministeredassancylateincreasedevenwithalow

concentrationofwintergreenoil,whichmayhavedecreasedtheendurancecapacityE

Therefbre, extensiveapphcationofmethylsalicylate-containmgpoulticesjustbehre

exerciseshouldbeavoided.

1nsummary,athletesshouldavoidtheexcessiveuseofmethylsahcylate-contaimng

preparationsorwintergreenoninsportsmassage.Theoptimaldoseofwintergreenon

thatcanbeusedtopreventoraneviateexercise-mducedmnammationshouldbe

consideredinhlturestudies.
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Chapter5.

Conclusions

5.1.NewScientifcFmdingshomaSeriesofE"eriments

Inrecentyears,sportsmassagebefbreexercisehasbeenattractingattentionfbrits

appncationinthepreventionofsportsinjuriesandconditioning・Sportsaromatherapy

massagebeibreexerciseisconsideredtobeessentialfbrimprovmgmuscularmovement

becauseithastheadvantageofbeinge"ctiveeveninashorttimewiththehelpof

componentscontamedinessentialons.AlthoughJOjobaoniswidelyusedasacarrieron

todnuteessentialons,hmitedinhrmationisavanableonitsefctsonbloodbiochemical

parameters.Therefbre,inthefrststudy)weconfrmedhowthecomponentsofjOjobaon

absorbedthroughtheskina&ctplasmabiochemicalparametersinmice.Asaresult,it

wasrevealedthatplaSmaNE田遮levelswereincreasedbyapproximately20%m30min

afterthetopicalapplicationofjOjobaoninnnce(98).Tbinvestigatetheunderlymg

mechanism,weflrtheranalyzedtheeWressionlevelsoflipidmetabohsm-relatedgenes

invarioustiSsues/organsanerthetopicalapphcationofjOjobaoil.Asaresult, the

elevatedplasmaNEFAlevelsmighthavebeencausedofbothenhancedmpolysisviaA鱈ノ

upregulationinthehverandreducedfattyacidtra"ckingviaE4_Bfh’m,"4ZPI,E4fWa

and"4TP4downregulationintheskin.

JOjobaoilhasbeenreportedtohaveanti･innammatoryproperties (55, 96).

Meanwhne, itiswenknownthatlipidutilizationincreasesduringenduranceexercise

inactivemuscle(97).Therefbre,inthesecondstudy,weinvestigatedwhetherthetopical
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applicationofjOjobaoilat30minbehretreadmiUrunningcouldpreventexercise-

inducedmflammationandtoevaluatewhetherthetopicalapphcationofjOjobaonaHbcts

theruntime-to-exhaustion.Asaresult,thetopicalapphcationofjOjobaoil30mmbehre

treadmnlrunningdidnotaffctendurancecapacityinmice.Regardingexhaustive

exercise-inducedinnammation, thetopicalapplicationofjOjobaol30minbehre

treadmmrunmngsignifcantlydecreasedsomepro･innammatorycytokines("･"and

"･aatthemRNAlevelinskeletalmuscles,andespeciany> intheslow-twitchmuscle,

whichcontributestoendurancecapacitybHowever;therewerenosignifcantchangesm

plasmacytokinelevelsduetothetopicalapplicationofjOjobaoilamongsedentarygroups.

Insummary, topicalapplicationofjOjobaon,whenapphed30mmpriortostrenuous

exercise,might suppressexercise-induced innammationinmusclesat thegene

expressionlevel.

Several essential onshavebeenreportedtohaveanti-innammatoryand

antioxidativee"cts(28･33, 55).Forexample,wintergreenon,whichcontainshigh

concentrations(>99%)ofmethylsalicylate,ismetabolizedtosalicylateafertransdermal

absorptionandexertsanti･innammatoryeHbctsmthebody(145,146).Infact,methyl

sahcylatehasbeenusedbymanypeopleasanactiveingredientmpoulticesandother

activeingredientstorehevemusculoskeletalpain(147).Thereire,inthethirdstudyjwe

investigatedwhetherthewintergreenon(undilutedwintergreenonandwintergreenon

dnutedtolO%withjojobaon)applied30minbefreexercisecanalleviateexercise･

inducedinnammation. Inaddition,thisstudymeasuredtheruntime-to-exhaustionin

treadTT血Ⅱrunmng.SincewmtergreenoilissometimesusedasundnutedSolutions,thiS

studyalsoevaluatedthesaftyofthetransdermalabsonptionofwintergreenonusing

bloodbiochemicaldata・Asaresult, topicalapphcationofundnutedwmtergreenon
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signihcantlyreducedexerciseendurancecapacityThemechamsmunderlyingthis

adverseeHbctwasmvestigatedusingdatahPomtherestinggroups.IntheWGgroup,

severeacutehverinjurywasmduced.Additional蚊のt-Z,whiChisinvolvedin6･

oxidationinthe slow-twitchmuscle,was suppressed, andthe level ofplasma

innammatorycytokinesincreased.Apphcationof10%wintergreenoilalsosignihcantly

shortenedtherunningtime, but signifcantlydecreasedthegeneexpressionof

innammatorycytokinesinthesoleusmuscleandhvercomparedwiththeNA+Exgroup.

Thus, theapplicationoflO%wintergreenonsuppressedthegeneeWressionlevelof

innammatorycytokmesinmuscle.Howeveritheuseofwintergreenoilshouldbeflrther

investigatedtobenehthomitsfavorableeHbctswithoutdevelopingadverseevents,such

asliverdamage.AscomparedtotheNA+Exgroup,plasmaBUNlevelsimmediately

afterexerciseweresignifcantlyreducedinthelO%WG+Exgroup, suggestmgthat

exercise-inducedrenal impairmentmightbesuppressed.However, sinceexercise-

inducedrenalinjury"lasmalevelsofBUN)wasnotsuppressedintheJO+Exgroupas

comparedtotheNA+Exgroup,thee"ctseeninthelO%WG+Exgroupmightbedue

totheeHbctofmethylsalicylateinwmtergreenoilratherthanthesynergisticeffbctof

jojobaonasasolvent.Infact,theWG+Exgroup, inwhichundnutedwintergreenon

withoutjOjobaonwasapphed, alsohadsignifcantlylowerplasmalevelsofBUN

immediatelyanerexhaustion.

5.2.ImplicationshrFutureResearch

Thepresentstudyrevealedthatbothwintergreenonatal0%concentrationand

jojobaoil reducedexercise-inducedinnammationinactivemusclesat thegene

expressionlevel.Howevel;DOMSusuallyoccurswithinthefrst24hafterexhaustive
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exerciseandhasbeenreportedtopeakbetween24and72h(92).Thus,itisnecessary

tostudytheeHbctsofthedrugnotonlyimmediatelyanerexercise,butalso24or72h

afterexercise.Studieswithhydrocortisoneandmethylsancylatehavealsoshownthat

theabsorptionrateofdrugsvariesgreatlydependingonthesiteofapplication(148,164).

Inaddition, transdermalabsorptionisa"ctedbythedistributionofbloodvessels,

temperature,anddensityofskinappendagessuchashairfbmclesandsweatglands.

Therebre,todevelopsportsaromatherapymassageonascientifclevel,itisessentialto

exammetheoptimaldosageandconcentrationhreachsiteandvalidateitse$cacyand

safbtythroughstudiesusinghumansubjects.

Inthecurrentstudyiwintergreenonwasdnutedtol0%withjOjobaoil.As

mentionedearne]Sitisalsoimportanttodeterminetheoptimaldoseanddosageof

wintergreenon,tahngmtoaccountthebalancebetweenanti-mmammatoryeHectsand

sideefcts.ThecurrentstudyalsosuggeststhatjOjobaoilcanalleviateexercise･induced

innammationwhenusedasacarrieroil.Althoughseveralessentialonshavebeen

identifedashavmganti･innammatoryproperties(28･33,55),thisisthefrstreportto

ex9minPtheeMctsofcarrieroilandessentialononexercise-inducedinfIRmmation.In

thefUture, itwillbeimportanttoexammethesynergistice&ctsofessentialonsand

carrieronsandtoveribrtheeHbctsofessentialonsandcarrieronsonexercise･induced

inf12mmatiOninCliniCaltrialS.
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