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Effectof acuteFC administrationon catalaseand acylCoA oxidaseexpression

The following report summarizes the effectsof in vivo administration of a single acute dose of

N-ETFOSE or PFOS on catalaseand acylCoA oxidase gene expression and enzyme activityin

livertissuefrom exposed ratsand guineapigs. Tissues analyzed inthisstudy were derivedfrom

the3M in-housestudy"NTBK 116471,pg 100" (acopy of the3M "Study/Record" isattached)

and included approximately I a of frozenliverfrom each of two male and two female ratsand

guinea pigs thatreceiveda singlein.iectionof 40 mg/kg PFOS, 160 mg/kg N-Et-FOSE, or an

equivalentvolume of 2% tween 80 (vehiclecontrol)on March 1,1999. Allanimals were killed

on March 4, threedays followingdosing. Portionsof therespectiveliverswere quick frozenin

liquidnitrogenand shipped on dry icetoDuluth foranalysis.

Enzyme Sample Preparation - The enzyme fractionconsistedof the 6,000 g supernatantof a

10% (wt/vol)homogenate of 0.5-1.0g frozenlivertissuein300 mM mannitol-10 MM HEPES-1

mN4 EGTA (pH 7.2). Proteinconcentrationwas estimatedaccording,to themethod of Bradford

using commercial bovine serum albumin as standard.C)

L-COA Oxidase Assay - The equivalent of ca., 5 pg/ml tissue homogenate was suspended in 60

MM KH,P04-0.02 % TritonX 100 (pH 7.4)containing1 mM p-hydroxyphenylacetate(PHPA),

4 units/n-dperoxidase,20 pM FAD, and 60 pM lauryl-CoA(LCoA). The reactionswere allowed

toincubateat37'C for30 min ina shaking water bath and terminatedby adding 3 volumes of 2

mM KCN in 100 mM sodium carbonate(pH 10.5).The concentrationof H,O, Cenerateddurina

the reactionwas estimatedfrom the fluorescenceof PHAP as measured with an excitation

wavelength of 317 nm and emission at 405 nm. The fluorescencewas calibratedwith

commercial H,O, and the resultsare expressed as nmol peroxide generated/min/mg

mitochondrialprotein(Table 1).Proteinwas quantitatedby theBradford method.

CatalaseAssay - The activityof catalasewas estimatedby a modificationof theorioinalmethod

publishedby Claiborne and Fridovich (J.Biol.Chem. 254, 4245-52, 1979),which isbased on

the directmeasurement of H,O, disappearance as quantifiedspectrophotometricallyat 240 nm.

In thisprocedure,thetissuesample was dilutedin 50 mM potassium phosphate (pH 7.0).The

medium was warmed to27'C and thereactioninitiatedby adding 10.3MM H20,. The progress

of thereactionwas monitored at 240 nm for5 min. Catalaseactivitywas estimatedfrom the

initiallinearrate(E240=43.6mM-'cm") and expressedas units/mgprotein(Table 1). One unitof

activityisdefined as thatamount of enzyme which catalyzesthedecomposition of I'Pmole of

H,O, per min.
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NorthernBlotAnalyses- QuantitationofMRNA forbothacylCoAoxidase(ACOAO) and

catalasewereperformedbyNorthernblotanalysisofquickfrozenliversamplesfromtreatedrats

and guineapigs. Approximately 1 g of frozenliverwas powderizedinliquidnitrogenusing aI
mortar/pestle.TotalRNA was recoveredusingthePERFECT RNA" isolationkitand the
concentrationquantifiedspectrophotometricallyat260nm. The RNA was electrophoresedon a
1% agarosegel,blottransferredtoa cellulosemembrane and hybridizedtothe corresponding
randomly [12pl labeledoli-onucleotidesthatwere PCR amplifiedfrom primerstoca.,350 base
sequence of the respectiverat livergene. MRNA band density was quantified
autoradiographicallyusingphospho-imaging software.

RESULTS:

Rats - Both male and female ratsexpress LCOAO and catalaseactivities,and there is no
substantialdifferencein enzyme activitiesbetween the sexes. The same is truefor the
constitutiveexpressionof MRNA forbothenzymes, withtheexceptionthatunexposed male rats
do not expressthe message forPCOAO.

Acute exposure toN-ET-FOSE causesa doublingof thespecificactivityof LCOAO in liverfrom
both male and female rats,but catalaseactivityisunchanged. Associatedwith thisis a
proportionate2-foldincreaseintheconcentrationof MRNA encodingforPCOAO, but no change
incatalaseMRNA, inliversfrom both sexes. Again,thereisno remarkablesex differencein
responsetoN-ET-FOSE exposure,at-leastwiththislimitednumber ofanimalstested(n=2).

Exposure of ratsto PFOS elicitsa similardoublingof LCOAO activityforboth sexes,and
possiblya slightincreaseincatalaseactivityinliverfrom male rats.Hepaticcatalaseactivityin
female ratsdoes not appeartobe affectedby PFOS exposure.UnlikeN-Et-FOSE, which caused
a doublingof MRNA band intensityforpCoAO, acuteexposureto PFOS caused a 3-6 fold
increasein PCOAO MRNA expression. This enhanced expressionof message was more
pronounced in female compared tomale rats,and inboth sexesresultedinno greaterLCOAO
enzyme activitythanwas observedathalftheMRNA levelforratsexposed toN-Et-FOSE.

Guinea Pigs - The response to guinea pigs to exposure to N-ET-FOSE and PFOS was
dramaticallydifferentfrom thatobservedforrats.The constitutiveactivityof LCOAO in
unexposed guinea pigsofeithersex was very low (nearLOD values)whereas catalaseactivity
was 1.5-3timeshigher.However, theactivityofneitherenzyme was stimulatedfollowingacute
exposuretoN-ET-FOSE orPFOS invivo.Perhapsthemost dramaticdifferencebetween species
isthe factthatguinea pig MRNA encoding for PCOAO was undetectable,even following
exposuretoN-ET-FOSE orPFOS. Partof the explanationforthisobservationmay be thatwe
were usinghybridizationprobesdevelopedagainstthesequenceforratliverACOAO becausethe
sequence of theguinea pigenzyme isnot known atthistime. Itmay be thatthe guinea pig
sequence issufficientlydifferentthatthe PCR productlackscomplementarityforadequate
hybridizationto theprobe fortheratsequence. Although thismay indeedbe an artifact,the
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absenceofconstitutivelyexpressedmessage and theinabilitytostimulateexpressionofPCOAO
MRNA areconsistentwiththelow and uninducibleenzyme activityinguineapigs.

CONCLUSIONS: These data provide strong evidence that: 1) N-ET-FOSE and PFOS

stimulateboth thetranscriptionaland translationalexpressionofacylCoA oxidaseinratsinvivo,
and 2)thereisa marked differenceintheresponseofratsand guineapigstoinvivoexposureto

these two fluorochemicals. These resultsarevery consistentwith the suggestion that these
fluorochemicalcompounds are "peroxisome proliferators"inratsand, much likewhat has been

demonstrated for the classical"peroxisome proliferator"chemicals,guinea pigs are resistantto
thiseffectof fluorochemicalexposures. We were not given the data for organ weights or

necropsy findingsand thus cannot comment on whether exposure to eitheragent caused
hepatomegaly or otherindicationsthatareassociatedwith peroxisome proliferation.However,
based on our data,we suspect thatthe evidence willrevealthe classicalsigns of peroxisome

proliferationinrats,but not guinea pigs,caused by these acute exposures.
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NTBK 116471 dosed 3/1/99 40 mg/kg PFOS

sac 314/99 160 mg/kg N-ET-FOSE

2% tween 80

Activity MRNA

An@mal SPECES 5o ix protebn LCOAO calaim gCoAQ MBNA caiaum

(nmol/min/mq protein) (Units/mQ protein) (% Band Intensitvi- (% Band Intensitv)

9ROO463 rat m Veh 151.8 4.7 219.9 0 127

9R00464 ral m Veh 145.6 5.3 158.5 0 73

9ROO469 rat F Vsh 188.3 4.7 141.1 100 92

9800470 rat F Veh 153.3 6.8 204.7 100 108

9ROO465 -rat m N-ET-POSE 157.5 10.5 9.5-1 290 140

9R00466 Irat m N-El-FOSE- 134.9- 11.9 204.3 1 292 98

1 1

9R00471 I 'at F N-ET-FOSE 165.8 10.3 186.1 263 118

9ROO472 rat F N@ET-FOSE 215.8 9.3 171.9 320 147

9R00467 rat m PFCS 115.4 io.9 252.0 482 165

9R00468 rat m PFUS 153.0- 13.1 236.9 277 116

9R00473 rat F PFOS 143.1 9.6 204.1 630 ISO -

9ROO474 rat F PFCS 236.6 11.2 155.6 404 147 -

Gpig m Veh 175.2 2.3_ 314.7 0 103

cviq m Veh 251.7 1.9 390.7 0 97

9GO0051 Gpi-Q F Veh 180.3 2.6 550.6 0 91

9GO0052 Gp@ F Veh 222.1 1.2 488.0 0 109

9GO0047 Gpic, m N-ET-FOSE 212.7 3.0 349.3 0 ?

9GO0048 Gpiq m N-ET-FOSE 269.1 1.4 379.3 0 92

9GO0053 Goia F N-Et-FC)SE 176.4 2.6 416.8 0 105

9GO0054 Gpiq F N-ET-FOSE 218.3 1.4 478.1 0 104 -

9GO0049 Gpi-a m PFOS 153.2 ND 413.0 0 ?

9000050 Gpiu m PFCS 222.1 1.0 460.8 0 97 -

9GO0045

9GO0046

9GO0055 Goig F PFOS 127.8 t 672.9 0 103

9GOOO 6 Gpla F PFOS 171.6 2 531 A 0 96
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