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ZnmvoEvaluationof4-Methy1-2,4-his(4-hydroxyphenyl)
pent-1- e n e(MBP),aBisphenoIAMetabolite,UsingtheNematode

Caenorhabditiselegans

ShinyaKOHRA*,DaisukeINOUE**,AkemiYAMAGUCHI***,YujiTAKAO*,

NobuakiTOMINAGA*,KojiARIZONO****andKazuoUEDA*

Abstract: In this study, We investigated the lethal and sublethal effects of
4-methy1-2,4-bis(4-hydroxyphenyl)-pent-1-ene(MBP),abisphenoIA(BPA)metabolite,usingthe
nematodeCaenorhabditiseleganas(C.elegans)grownonNematodeGrowthMedium(NGM)1.7%
agarplates.Thebioconcentrationfactor(BCF)wasalsodetermined.The24hr-medianlethal
concentration(24hr-LC50)valueofMBPwas0.49mM(134mg/1),andtheacutetoxicityofMBP
againstC･eleganswasslightlystrongerthanthatofBPA･IncontrasttoBPA,thesublethaltoxiclty
ofMBPinamulti-generationtest,asdeterminedbyreproductionandfecundity,wasslightlylower.
Thegrowthofanimals,asdeterminedbybodylength,wasenhancedby3-8%at0.1mMMBP,a洗er
48172hr.TheBCFvalueafterexposurefor48hrwasdeterminedtobeapproximately19-105as
comparedwiththenominalconcentration.

Keywords.･Caenorhabditiselegans,metabolite,bisphenoIA,bioconcentrationfactor

INTRODUCTION

2,2-Bis(4-hydroxyphenyl)propane(BisphenoIA,
BPA)isan.endocrinedisruptlngChemical(EDC)
thatisroutlnelyIngestedbyhumans･1)Recently,

Yoshiharaetal.reportedthataBPAmetabolite,

namely 4-methy1-2, 4-bis (4-hydroxyphenyl)

pent-1-eワe(MBP),displayedstrongerestrogenic
activity lnaninvitroassaythanBPA itself･2)
Therefわre, MBPhasbecomeoneofthemost

prominent chemicals in studies of EDCs.

However,Onlyafewattemptshavebeenmadeso

farfortestingMBPinaninvivoassay.Inthis

study, Weinvestigatedthelethalandsublethal

effectsofMBPinCaenorhabditiseleganas(C.

elegans), whichisanorganism usedbynTaPy
researchersinaquatlC,Sediment,andsoiltoxIClty
tests.4-9)

MATERIALSANDMETHODS

CIlemicals Thesourcesofchemicals
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used in this study were as fわllows:Agar,

cholesterol, dimethylsulfbxide (DMSO),and
sodium chloridewerepurchasedfrom WakoPure

Chem. (Japan). Bacto yeast extract and

bacto-tryptone were supplied by Becton
Dickinson (MD, USA).

N,0-bis(trimethylsilyl)trifluoroacetamide(BSTFA)

obtainedfromSpelcoLtd.,(USA)wasusedasthe

chemicalreagentfわrsilylation.Unlessstated

otherwise, the other reagents fわr analyzing

pesticideresidueswereofanalytlCalreagentgrade

(KantoChemical,Japan).MBPwassynthesized

accordingtothemethoddescribedbyDaietal･10)
AnimalsandCultureConditions The

wild-typeN2strainofC.eleganswasusedinthis
study.Wormsweremaintainedandhandledas

describedbyBrenner･11)Brieny,fivetotenworms

weregrown on aNematodeGrowthMedium

(NGM)agarplatewithalawnofEscherichiacoli

(E.coli)asafoodsource,andincubatedat20oC.

Every four or five days, the worms were

sub-culturedtonewplates･

Synchronized CulturesofC.elegans

Wormswerewashedoutfrom theNGM agar

platesuslngM9bufferandweresubsequently

washedtwicewiththisbuffer.Theywerethen

synchronizedbythealkali-bleachingmethod.An

approprlatenumberofeggswastransferredona

agarplatewithoutfoodandincubatedat20oCfor

20hr.Over90% oftheseeggshatched,andC.
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eleganslarvaeweresynchronizedatthefirstinstar transferredtoNGM agarplatescontainlngSix
(Ll)larvaestage.Thislarvalculturewasusedfor concentrations(1mM,0.75mM,0.5mM,0.25
theacutetoxicityassay.
MBPAnalysis

Allthesampleswerepreparedinthedark
Agar-extractsampleswerepreparedasfollows:
Twogramsofagarmediumwastakeninavial

with2gofMilliQwater,and190トLlof5ppm
BPA-d16acetonesolutionwasaddedasallL

internalstandard.ThemixturewasvlgOrOuSly
shakenfわr5min.Thesesampleswereextracted
withhexane(2ml),andtheorganiclayerswere
removedaftercentrifugation.Onemilliliterof1
M hydrochloricacidsolutionwasaddedtothe
aqueouslayer,andMBPwasextractedfromthe
testsolutionbyaddingdichloromethane(3×5

ml)andvigorouslyshakingthesamplefわr30min.
Dichloromethane extracts were dried with

anhydrousNa2SO4andtheeluentwasthen

evaporateddowntoavolumeofapproximately
0.5ml,underastreamofhigh-purltynitrogen.
Worm-extractsampleswerepreparedasfわllows:
Thewormswerewashedoutfrom theNGM

platesuslngM9bufferandweresubsequently
washedthricewiththisbuffer.Thesewormswere

crushedinanagatebowl,andthecrushedworms
weretransferredintoanewvialcontalnlng30ml
ofMilli-Qwaterusingsmallamountofmethanol

(cat2ml)･Aninternalstandard,190トLlof5ppm
BPA-d16acetonesolution,wasaddedtothese
samples,andthemixturewasvlgOrOuSlyshaken
for5min･Thesesampleswereextractedwith
hexane(10ml)andtheorganiclayerswere
removedaftercentrifugation.Onemilliliterof1
M hydrochloricacidsolutionwasaddedtothe

aqueouslayer,andMBPwasextractedfromitby
adding dichloromethane (3 × 10 ml)and

vlgOrOuSly shaking thesample fbr30 min.
Dichloromethane extracts were dried with

anhydrousNa2SO4,andtheeluentwasevaporated
downtoavolumeofapproximately0.5mlunder
astreamofhigh-puritynitrogen.
TwohundredmicrolitersofBSTFAwasaddedto

eachoftheseMBPextractsfわrthesilylationof■
MBPandBPA-d16.Theresultantsamplewas
sealedandlefttostandfらr1hrinthedark,at

room temperature, to allow thereaction to

proceed.Theconditionsofgaschromatography
massanalystsequlpmentWereperf♭medas
Takaoreported･3)TheinitialandflnalMBP
concentrations of test plates under the
experimentalconditionsweremeasured.The
concentrationswereexpressedasmeanvalueof
initialconcentrationandfhalconcentrationof

MBPinagar.
AcuteToxicityTest TheLllarvaewere
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mM, 0.1mM,and0mM ascontrol)ofMBP.

Approximately fi氏ywormsweredispensedon
eachplate.AfterI,2, 3, 4, 24,and48hrof
exposure,thetotalnumberofwormsandthe
numberofmovingwormsineachplatewere
countedunderadissectlngmicroscope,toestimate
theviabilityratios.Allexperimentswerecarried
outat200Cintriplicateatleastthreedifferent
times.Themedianlethalconcentration(LC50)was
calculateduslngthePROBITmethod.
Multi-GenerationTest E.coliDH5αwas

distributed onthetestplatescontainlng fわur
concentrations(0.1mM,0.01mM,0.001mM,and

0mM as.control) of MBP prior to the
multi-generatlOn test.Thefirstgeneration Ll
larvaewerepouredontoeachplateinorderto
beginthetest.WhenwormsgrewtotheL4larvae
stage,onewormwastransferredtoanewplateof
thesamecompositionandincubatedat16oC.The

numberofwormsandeggsontheplateswere
countedunderadissectlngmicroscopeat24-hr
intervals.Thefirstdaywasdefinedastheday
whenthefirstoffsprlngWasidentified.Thesecond
generationwormswereallowedtogrowtotheL4
larvae stageon thesameplateasthefirst
generation;then,oneworm wastransferredand
sub-cultured to a new plate of the same
composition.Theabovestepswererepeateduntil
the fわurth generation was cultured. These

experimentswereperfわrmedinqulntuplicate.
GrowthTest- 1TheLllarvae(meanbody

length:289土25pmstandarddeviation;n-105)
WeretransferredtoNGM agarplatescontalnlng
fourconcentrations(0.2mM,0.1mM,0.01mM,
and0mMascontrol)ofMBP.A洗er24,48,and72
hrat20oC,theLllaⅣaewereevaluatedby
determinlngthebodylengthofthewormsundera
microscope.
StatisticalAnalyses An analysis Of

variancF(ANOVA)wasusedforthestatistical
evaluatlOnOfthedata.Valuesofp<0.01and0.05
Wereconsideredstatisticallyslgnificant.

RESULTSANDDISCUSSION

TheinitialmeasuredMBPconcentrationwaslower
thanthenominalconcentrationandtheMBP

concentrationdecreasedduringexperiments.The
platewithnominalconcentrationof0.1mM (26.8
mg/I)contained0.069mM(0.47-0.078,n-4)(18.5
mg/1)atbeginningoftheexposureexperimentand
0.055mM (0.038-0.063,n-4)(0.14.7mg/1)after
exposurefわr48hr.
Forcalculationsofeffects,averageconcentrations



InVivoEvaluationof4-Methy1-2,4-bis(4-hydroxyphenyl)peれt-1-ene(MBP),aBisphenoIAMetabolite,UsingtheNematodeCaenorhabditiselegans

ofthemeasuredbeginnlngandendconcentrations
wereused.Theacutelethaltoxicitytestwas
examined, and the time-response plots and
concentration-responseplotsshowlngtheviability
ofC.elegansexposedtoMBPareshowninFigs.I
and2.Theviabilityratesat8hrand24hrwere
comparable(Fig.1).Uraetal.reporteda24
hr一medianlethalconcentration(24hr-LC50)value
of325mg/1forBPA･12)1nourstudy,the24hr-LC50
valuefわrthewormswas0.49mM (134mg/1),
correspondingtoalmostone-thirdthatofBPA
(Fig.2).Aftermetabolism,BPAwaschangedtoa
substancethathasastrongeracutelethaltoxIClty
agalnStC.elegans.However,thisobservationwas
differentbetweenMBPandBPAwithrespectto
thesublethaltoxicitylnamulti-generationtest.
Previously, wereportedthatBPAaffectedthe
fecundityrateofC.elegansatadose10000-fold
lowerthantheLC50,andthatthenumberof

wormsdecreasedsigniflCantlytoapproximately
50% of the controlvalue at the fourth

generation･14)Incontrast,whenexposedtoO･1
mMofMBPaconcentrationthatwasone-fiRhof

theLC50,thewormabundancefromthefirstto

thefifthgenerationdidnotdifferslgnificantly
from thecontrols.A洗erexposureon0.1mM
MBP plates fbr 48 hr, the whole-body
concentrationsofMBPrangedfrom 0.5to1.5
mg/g.Therefore, the bioconcentration factor
(BCF)ofMBPonC.eleganswasapproximately
40(19-56,〟-5)ascomparedwithnominal
concentration.ARer48hron0.01mM MBP

plates,theBCFhadameanof57(33-105,〟-3).
ItwasproventhattheMBPwasincorporatedor
storedinthewormsunderthisexperimental
condition.Takaoetal.reportedthatMBPwas
easilydegradedinsunlightorevenUVlight.For
example,ltWasdemonstratedthatover90% of
theMBPpresentinwaterwasdegradedwithin8
hrofexposuretosunlight3)･Theseresultssuggest
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Fig･1Time-responsePlotsShowingtheViability
ofC.elegansExposedto0.5mM MBP.The
means±S.D.areplotted.

thatthestabilityofMBPinanimalbodywas
higherthanintheenvironment.
Theresultofthesublethaleffectsonthefirstand

thefわrthgenerationarepresentedinFig.3.A
detailedobseⅣationofthefわurthgeneration
showsthattheorderoftheconcentrationsin
termsofthemeansnumberofwormswas0.1

mM>0.01mM>0.001mM>control(Fig.3D).
Thepeakperiodofovulationwasacceleratedto
the second day in thecaseofthefわurth
generation,ascomparedwithfirstgenerationfor
whichitwasthethirdday(Fig.3C).Itappeared
thatthereproductionandfecundityofC.elegans
wereenhancedinthepresenceofMBP.
TheeffectofMBPongrowthisshowninFig.4.
Nematodebodylengthincreasedslightly(3-8%)
inthepresenceof0.1mM and0.2mM MBP.
Theseresultsindicatethatlowconcentrationsof

MBPhavenotoxicitylntermsOffecundityofC.
elegans,butthatweakconcentrationsenhancethe
growth. Therehasbeenasimilarreporton
41nOnylphenol(NP).13)H6ssetal.Observedthat
thegrowthandreproductionofC.eleganswere
enhancedwithNPconcentrationsof66mg/1and
40mg/1,andtheseconcentrationswere1001fold
lowerthantheLC50Value.Themaximumincrease

inbodylengthinthepresenceofNPwas1.1fわld,
andthenumberofoffsprlngPerWOrmWasalmost
doublea氏er72hrexposure.Inthatcase,the
effectsshoweddose-responserelationships.Some
researchersreportedthatascomparedwithlethality,
sublethalendpolntS Such as behavioraland
reproductiveresponsesaremuchmoresensitive
indicatorsoftoxICltylnnematOdes･12-14)Inthecase
ofMBP,therewasnoremarkabledifference
between median lethal and sublethal
concentrations.

Inconclusion,thebiologlCaleffectsofoneofthe
BPAmetabolites, MBP,wereevaluatedinvivo ,
uslngC.elegansasthemodelorganism.TheBCFs
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Fig.2Concentration-ResponsePlotsShowlngthe
ViabilityofC.elegansafter24hrExposure.The
means士standarderror(n-20)areplotted
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wereintherangeof19-105.Theacutelethal

toxicitywasslightlylnCreaSed, butthetoxIClty

effectonfecunditywasnotconfirmed.Instead,

therewereindicationsthatMBPpromotedgrowth

andfecundityataconcentrationofapproximately

one-fifththatoftheLC50. Thisstudysuggests
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thatMBPincorporatedinanimalbodymaybe

storedmorestablethanoutsideofanimalbody.
Some studies have been demonstrated the

biologlCalactivitiesofMBP･15)Therefbre仙ure

researchonMBPwillfわcusonthepossibilityof

synthesisofMBPinanimalbody.
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Fig.3EffectofMBPontheFecundityofC.elegans.
(A)Eggnumberatthelstgeneration,(B)C.elegansnumberatthelstgeneration,(C)
Eggnumberatthe4thgeneration,(D)C.elegansnumberatthe4thgeneration

o,Control;口,0.001mM ;△,0.01mM ;×,0.1mM.Themeans士S.D.(n-20)areplotted.
*:Foundtobeslgnificantlydifferentfromthecontrolgroupatp<0.05byANOVA.
**:Foundtobeslgnificantlydifferentfromthecontrolgroupatp<0.01byANOVA.
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Fig.4EffectofMBPontheGrowthofC.elegans.
(A)24hrexposure,(B)48hrexposure,(C)72hrexposure.Themeans士S.D･areplotted.

*:FoundtobeslgniflCantlydifferentfromthecontrolgroupatp<0.05byANOVA.
**:Foundtobeslgnificantlydifferentfromthecontrolgroupatp<0.01byANOVA.
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